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With engines pouring out four thousand horsepower, the Vega Ventura 
brings new combat strength to the Royal Air Force. Several hundred 
of these fast, far.-flying bombers are now in production for service 
overseas... all powered by dependable Pratt & Whitney Double Wasps. 




PRATT & WHITNEY AIRCRAFT 

CAST HARTFORD, CONNCCTICUT 

ONE OF THE THREE DIVISIONS OF UNITED AIRCRAFT CORPORATION 
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screws, rivets, studs, tubes, moldings, cables, etc. 

Send us your assembly details and we will mail 
samples and engineering data promptly. 

TINNERMAN PRODUCTS, INC. 


. . . answers Weight 
Reduction Demands 

• Every pound saved in aircraft assembly 
devices assures definite gain in miles 

Amazing as it may seem, the fact is that 
SPEED NUTS and SPEED CLIPS are 
saving from 80% to 90% of the former 
fastening's weight. Think of it! One thou- 
sand 8-32 SPEED NUTS weigh a total of 
only 11 ounces! 

What is more, actual aircraft factory 
vibration tests have proved SPEED NUTS 
are four times tougher in resistance to 
vibration-loosening. Time saved in appli- 
cation of SPEED NUTS frequently exceeds 
50% and the actual cost per thousand 
shows savings as high as 70%. 



POINTS THE WAY TO AIR POWER... 
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SNOW REMOVAL PERFORMANCE^ Wi^/ 
BY ANY OTHER MAKE OF TRUCK OR TRACTOR 

r WD trucks were first in the field of motorized snow equipment and have held their 
preeminent position ever since snow removal began to be accepted practice in air- 
port operation. There are many reasons why FWD's out-perform all other types of equip- 

An ordinary motor truck merely equipped with a snowplow attachment seldom stands 
up to the job, because you need the ruggedness and stamina of an FWD with its 
balanced power on all four wheels — its double, positive traction, a truck that's 
"tailor-made" for the tough job of bucking deep heavy snow drifts. 

You need FWD's special heat-treated steels developed to provide the maximum of re- 
sistance against failure in sub-zero temperatures — you need its special gear ratios — its 
tremendous reserve power — its full and balanced traction of four driving wheels — its 
properly calculated weight distribution that gives it stability on bumpy, slippery surfaces. 
Rotary plows, "V" plows, plows of every practical type can be swiftly and securely mount- 
ed on FWD's because they hove been designed with proper snowplow mounting facilities. 
More different kinds of snowplows are mounted on FWD trucks than any other make 

When you buy an FWD you get a truck that is not only the best of its kind for snow re- 
moval service but also a truck that yields the biggest return on the investment because of 
its all-season usefulness on regular maintenance jobs around the airport. 

Write for the complete FWD performance record on 
airport snow removal and other maintenance service. 

THE FOUR WHEEL DRIVE AUTO CO., Clintonville, Wis., U.S.A. 


*MORE DIFFERENT KINDS 
OF SNOWPLOWS ARE 
MOUNTED ON FWD TRUCKS 
THAN ANY OTHER MAKE 
OF TRUCK OR TRACTOR 


O PEN airports all through the 
winter are vital to National 
Defense and passenger flying 
schedules as well. First choice for 
the fastest, lowest in cost, most de- 
pendable method of combating 
snow — keeping ’em flying by 
keeping airport runways clear 
and clean — is the FWD truck. 


Unbiased surveys covering every 
state in the snowbelt and many 


Canadian airports — from New- 
foundland to the Yukon — use 
more than 85 FWD trucks, keep- 
ing landing fields and runways 
clear of the heavy snows typical 
of the Canadian winter. 


The ability to smash through the 
deepest drifts — to knife its way 
through hard-packed snow and ice 
— the full power and traction of 
four driving wheels — the caoa- 



Reduces Installation Parts Ordinarily Required by 60 


To the airplane engineer who is eager to build simplicity into fighter 
this new valve, Type B-10-C, should be of real interest. Why? Because 
simplifies the task of gun charging, makes this operation faster 
It takes the place of ten separate hydraulic valves, and reduces 
the amount of tubing, connections, and fittings ordinarily required, 
more, reduces original installation time and cost and lowers repair 
nance expense. 

Our Hydraulics Department will be glad to submit detailed informat 
about this new valve, and they'll welcome any inquiry you might have c 
of the large line of Fleetwings' hydraulic equipment. Why not write toda 
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Shedding pounds today means adding extra 
equipment tomorrow. 

SAVE UP TO 6096 WEIGHT 
by using Boots Aircraft Nuts wherever self- 
locking nuts are applicable. 

ALL-METAL CONSTRUCTION OF BOOTS self- 
locking nuts makes them "outlast the plane." 

Authorized for use by ARMY, NAVY, C.A.A., 
BOOTS AIRCRAFT NUTS meet all specifications 


and are being used throughout the airplane by a 
majority of leading aircraft manufacturers. 

SEND TODAY FOR VALUABLE TECHNICAL 
DATA arranged in an easy-to-file folder. "Boots 
Standard Sheets" will give you all the informa- 
tion you want. 

Manufactured by 

Scovill Mfg. Co., Waterbury, Conn. 

BOOTS AIRCRAFT NUT CORP. 

NEW CANAAN, CONN. 


"REDUCED COST AT HALF THE WEIGHT" 




Says an R.A.F. pilot: "These Fortresses are wonder- 
ful aircraft — perfectly maneuverable, steady as a 
battleship and incredibly efficient." In unprecedented 
high altitude raids over enemy territory. Great Britain 
is demonstrating the remarkable striking power of 
Boeing Flying Fortresses. 0 And from this wartime 
experience has come new knowledge that enables 
Boeing to produce for the U. S. Air Corps still mightier 
weapons — the big B-17E's — newest of the famed 
4-engine Flying Fortress series. Today, for the defense 
of America, vast aircraft manufacturing resources are 
being mobilized for cooperative mass production of 
these new-type Boeing Flying Fortresses. 



SIX 


Positive air pressure beneath Ranger’s trim cowling 
assures uniform and effective cooling for the six cylin- UNDER 
ders of its in-line engine. More than 1,000 Fairchilds 
powered by Ranger — flying in all temperatures from 
Canada to the tropics— operating under the severe condi- 
tions of the present emergency— are proving in practice 
the dependability of Ranger streamlined power. 

IF ith Ranger there can be no compromise with quality 


RANGER 


AIRCRAFT ENGINES 

FARMINGDALE, LONG ISLAND, NEW YORK 
DIV. OF FAIRCHILD ENGINE & AIRPLANE CORP. 





SEQUENCE VALVES 0 * HYDRAULIC SELECTOR VALVES g 



How SPARTAN Can Help You 

DOUBLE or TRIPLE Your Life Income 


• If you are ao average high school graduate without 
specialized training, your earning power in all prob- 
ability will be limited to S 18 or $25 a week, or $40,000 
during your lifetime. But if you are ambitious and 
willing to invest from $200 to $1,000 to prepare your- 
self for a real career in this expanding aviation industry, 
you can have an opportunity to double or triple your 
lifetime earnings. YOU can have the opportunity to 
average $36 to $75 a week, and earn $80,000 to 
$175,000 during your life. SPARTAN training will 
give you that opportunity. 

Year after year SPARTAN has grown because it has 
equipped young men for successful careers in aviation. 
It has grown because the aviation industry has de- 
manded more and more SPARTAN graduates. Today 
it is recognized by the industry’s leaders as the out- 
standing aviation school in the United States. 


Here is two million dollars worth of opportunity for 
you, represented by SPARTAN’S new buildings, new 
equipment, new training planes, new technical courses 
and other extensive facilities which provide you big 
advantages, in whatever field of aviation you choose — 
Sheet Metal, Aircraft or Engine Mechanics, Flight, Engi- 
neering, Radio, Instrument Mechanics, Meteorology. 



New Engine Installation Mechanic and 
Aircraft Assembly Mechanic Courses 


SPARTAN 


School oc mrohautics ] 

DIVISION OF SPARTAN AIRCRAFT COMPANY 





SIOUX (DUAl'aCTION) VALVE SEAT GRINDER 


SIOUX GRINDING MACHINE WET GRINDER 


This highly developed, tested and proved grinder 
offers the modern, handy, time-saving method of 
facing or refacing aircraft motor valve seats with 
accuracy . . . either cast, hardened steel, bronze 
or Stellite. The driving spindle is adjustable to 
any angle. Universal motor operates on AC or DC. 
Net weight 8 l /2 lbs. 


For precision work in fast time — for smoother, more 
finished jobs, this machine meets all the require- 
ments of both production and maintenance plants. 

It wet grinds all valves, any angle, including 90° 
flat valves. Grinding head easily adjusted for large 
or small valves. It wet grinds valve tappets and 
rocker arms to original efficiency. 


Write for f ull in formation 


WO R L D OVER 


3UX CITY, IOWA, U. S. A. 


MAKING AVIATION HISTORY 
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ENGINEERING SERVICE 
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You’ll find answers to your electrical 
designing and manufacturing problems 
at Electronic Laboratories. There, a highly- 
trained, thoroughly-experienced and omaz- 
ingly-resourceful engineering staff is at your 
service. To it have come — already — many of 
America's key defense-producing companies 
as well as important civilian supply manu- 


le Heavy-Duty Vi- 
brator . . . 011c of the 
ny and varied prod- 
s manufactured by 
Electronic . . . heart of 
.hr Electronic Converter as 
usd in the Sperry Directional Compass . . . combines 
light but rugged construction . . ■ custom reqm 
synchronous operation . . . range up to aOO «»tu 
a „y voltage . . . long, trouble-free performance. 

Ultra-Violet Black Light 

for aircraft instrument il- 
lumination . - - produced 
solely by Electronic . . . i* 
etpiired equipment on 
,c» planes for U.S. Army 
\ir Corps, D. S. Navy, 
and U. S. built planes 
is Electronic Type X-206 
cockpit of Bell Airacobra. 


facturers. 
Electronic 
but could 

described 
lieve, that 
Electronic 
always at 
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Not only have they found that 
could develop what was needed, 
manufacture it as well. A glance 
of Electronic's important products 
below will convince you, we be- 
you can get what you need from 
engineers. Their full facilities are 
your disposal. 



formance ai 
attested hv 
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Electronic Autosyn Inverter 

Tape S-525 converts 12 \olt 
DC to 45 Volt AC as power 

source for instruments of the 
great Boeing Flying Fortress. 
Electronic's exceptional per- 
, 1 life . even at extreme alti- 

long service tile - • _ 

terd by sub-stratospherc bombers • • • » 
,e fact more Electronic Power Supplies are 
I other makes combined. 

Fluorescent Cabin Lighting for both 
aircraft and ships brings you daylight 
at night.- • • abundant light that lets 


fatigue i . - vet the current drain is oi 
about half that of ordinary lighting 
stratd is the X-2U and X-209 flcxiUe-arm Le 
ssemhlies as used on Naval aircraft, cruisers and > a. 
For further information, address the 
Aircraft Division of Electronic Laboratories, me. 


ELECTRONIC LABORATORIES, INC. 

AIRCRAFT DIVISION. INDIANAPOLIS; INDIANA 


AVIATION, November. 



bendix radio 

Flies with China National 


Over China's ancient pagodas and temples, its 
modern cities and industrialized areas, its poppy- 
fields and battle fields — China Nationals fleet of 
modem airliners ply their way. Flying some of the 
most difficult routes in commercial aviation, with 
added problems due to war conditions, China Na- 
tional must have Radio equipment which is thor- 
oughly reliable. Radio contacts must be short — 
must be completed on schedule. China National's 
entire fleet is now being equipped 100% with Ben- 
dix TA-2 Transmitters, RA-1 Receivers and 
MN-31 Automatic Compasses. Bendix Radio, 
Division of Bendix Aviation Corporation , Balti- 
more, Md., U. S. A. Cable Address: Benrad. 




(@) A^stinghouse 


BEFORE YOU 


WITH THE HETWORK 
SYSTEM FAULTY FEEDERS 
ARE AUTOMATICALLY 
DISCONNECTED WITHOUT 
INTERRUPTING SERVICE 




BUILD 


THESE ADVANTAGES OF THE 
WESTINGHOUSE PLANT NETWORK SYSTEM 



No manufacturer increasing production capac- 
ity can afford to overlook the advantages 
offered by the Westinghouse network system 
of power distribution. 

Under the present conventional radial system 
employed in most plants, a failure on any main 
feeder cable results in power interruption to 
an entire distribution bus. Also, in rearranging 
machines to facilitate production, one feeder is 
often overloaded while another is underloaded. 

The network system of distribution com- 
pletely eliminates these difficulties— failure in 
any primary or secondary cable is automati- 
cally isolated without interruption in the power 
supply. This makes it impossible for a saboteur 
to cause sufficient damage to the system 
to shut down the plant and prevents lost 


regulation throughout plant. 

of other distribution systems now 


production time through accidental faults. 

Also, when additional load is added, instead 
of major revisions in the system, including new 
transformer banks, the network system can be 
extended almost indefinitely by simply adding 
network units. Equally important is the fact 
that voltage regulation on the entire network 
will be approximately the same at all points 
in the system. 

This method of power distribution not only 
serves a new plant’s present needs more effi- 
ciently but provides complete flexibility for the 
future at a cost that compares favorably with 
other systems. Before you build, it will pay 
you to get complete details on how this method 
can be used to safeguard production. Write 
today for folder B-3001. 


Permits load rearrangement or expansion at minimum cost. 
Minimizes service interruptions and production delays, 
eater protection against sabotage. 


ELECTRIC & MANUFACTURING COMPANY, EAST PITTSBURGH, PA. 





PREVIEW 

T H R O U G H 

A TRIBUTE to Martin engineers and workmen was the Navy's 
order to create the world's largest flying boat. The mighty 
XPB2M-1 introduces a new era in over-ocean flying. Your Navy, 
in foreseeing the need for such a plane, displayed the vision which 

THE GLENN L. MARTIN COMPANY, 


OF TOMORROW 


THE WORLD’S LARGEST DOOR! 


has made American ships . . . both of the sea and of the air . . . 
second to none. In the XPB2M-1 the Martin Company has done 
more than give America a great new weapon ... it has given 
the world a preview of the even greater flying boats yet to come. 

BALTIMORE, MARYLAND, U. S. A. 


* AIRCRAFT 

BuiUcrt of DcptnJable m Aircraft Since iflo? 





For more than 30 years Cessna airplanes have been 
"delivering the goods." Their speed and maneuverability 
make them ideal for busy people who are getting things 
done. "The World's Most Efficient Airplane" — CESSNA — 
is the airplane for the world's most efficient people. 


CESsnn n i r i r n f t t o m p n n v 


CONTRACTORS TO THE U. 


IE ROYAL CANADIAN Al 


5808 FRANKLIN ROAD . WICHITA, KANSAS, U.S.A. 






I OVERHEARD — 

Other department heads 
were blaming inefficiency 
on my assembly line for de- 
livery date delays. Naturally, 


I INVESTIGATED — 

And found that the whis- 
pers were justified. Delays, 
low output, worker fatigue. 
were crippling our plant, 
particularly . . . 


SCREW-DRIVING 
DELAYS! 

Slow.awkwardtwo-handed 
with slotted screws; 
tched surfaces, fumbled M 



split. 


— crookedly drit 


OLD-FASHIONED 

FASTENING 

A lot of small troubles 
added up to a big headache 
— all the result of buying a 
slow-driving slotted screw 

Naturally we changed t 
Phillips Rec 
Screws ... ant 



essed Head 


PHILLIPS SCREWS CUT 
OUR ASSEMBLY TIME 50%! 

• permitting fast power driving 

• eliminating extra operations, pilot holes, 
washers 

• freeing operator's hand to hold work 

• increasing holding power (fewer screws 


ing refinishing ct 




Slow-driving slotted screws may be holding 
up your assembly line right now. Hundreds of 
screw-using factories have obtained remark- 
able results by changing over to Phillips Screws. 
Write one of the firms listed below for facts 
about Phillips Screws in your industry. 





Here are two young men entering the aviation industry 



This Young Man 

has taken a job at what appears 
to be good wages for a beginner 


Who is most likely to succeed . . . which one will be first 
to hold a top position in the aviation industry ? 


If you study the aviation industry 
you will find that there is a growing 
demand for men who are thor- 
oughly trained and educated in the 
theory and practice oj aeronautics. 

You can't get this training in an 
aircraft plant as a mere job holder. 
The only place you can get it is at 
a school that has a reputation for 
developing men for positions with 
the airlines and the more special- 
ized fields of aeronautical engineer- 


ing. And Boeing School of Aero- 
nautics is just that kind of school! 

Boeing School, which is a divi- 
sion of the United Air Lines, offers 
courses covering every phase of 
aviation plus the most modern 
equipment. It is constantly in touch 
with the industryand knows what its 
needs are in trained men. And what 
is most important to you- — there is 
always a demand for Boeing School 
Grads. This year the call for them 


has been greater than the supply. 

Don’t let the temptation of get- 
ting a pay check now, swerve you 
from enrolling in Boeing School of 
Aeronautics — the step that will pay 
you bigger returns in the future. 
One thing is certain — you owe it to 
yourself to investigate how Boeing 
School of Aeronautics can train you 
for a career in aviation. Start this 
investigation now by mailing the 
coupon. 



BOEING SCHOOL OF AERONAUTICS [frxa UNITED AIR LINES 


AVIATION. November, 


Let "Electric Tool Headquarters’’ 
Help You 

Turn em Out and Keep ’em Flying! 




T O keep pace with the "full gun” on our plane program, aircraft plants must 
have portable electric tools they can depend upon. That’s why on any tooling 
problem for production or maintenance, it's wise to get in touch with "Electric 
Tool Headquarters." Here’s what Black & Decker offers: 

1 . Dependable advice on tooling up, through the largest field force in the 
electric tool industry 

2 . 120 different types of portable electric tools, a few of which are illustrated 
here, and 1,000 tool accessories 

3 . The engineering "know-how" to produce tools specifically designed to 
solve a definite problem; tools that will last longer, give more service 



CUTTING STAINLESS STEEL in an aircraft plant DRILLING MOTOR NACELLE with Black & Docker Holgun Electric Drills — powerful, fast 
with a fast Black & Decker Portable Loctro-Shear. models especially developed for continuous heavy-duty production use in aircraft plants. 


Leading Distributors Everywhere Sell 


Send for 
Aircraft Tool Catalog 

Describes Black & Decker Port- 
production and maintenance. 


Portable Electric 


Toots 


AVIATION. November. 





Curtiss-Wright Welds For Stream-lined Strength 



Air ^Reduction 



General Offices: 60 EAST 42nd ST., NEW YORK, N. Y. 
MAGNOLIA-AIRCO GAS PRODUCTS CO. 


and Z<uto4fiUi*Uf, fart. GAS WELDING or CUTTING and ARC WELDINg] 




B ILLY'S been slipping off with the 
Sandman before Daddy gets home 
these days. 

Putting in 60 hours a week like Dad does 
making Kollsman Aircraft Instruments 
doesn’t let a fellow get home too early. 

But it's sure a big help to Uncle Sam. 

Every hour of the 60 calls for skill. But 
you just can't turn out men as expert as 
Dad, overnight! 


Sure, we've got as many skilled master 
craftsmen as we can find. And we’re 
training promising young men and 
women as fast as possible. 

They're all putting in plenty of overtime. 
But we realize that even the extra pay 
can't compensate for priceless hours 
spent at home with the wife and family. 

For these personal sacrifices, this unself- 
ish devotion to the nation's welfare, 
Kollsman... and America. ..are grateful. 




Lite Ay's Torch may always Burn Brit} hi ! 


ricfh 


F ROM the production of aluminum alloy 
castings and aluminum parts for fast 
pleasure cars and ten-ton trucks to the 
production of aluminum alloy and magnesium 
alloy castings for fast pursuit ships and super 
bombers was a logical development for Permite. 
It was our pioneering experience in the alumi- 
num alloy field, plus added plant facilities and 
a reserve of skilled labor, that enabled us to 
immediately help advance the defense program. 
Our knowledge of the correct alloys for varied 
requirements of service, our distinctive 
advancements in casting and heat-treating, our 


critical inspection at every step of production 
— are reflected in the high quality of Permite 
Castings and Parts. Aircraft engine and fuselage 
parts are, of course, made to standards estab- 
lished by the Federal Specifications Board, 

U. S. Army Air Corps and Navy Aircraft 
Department. 

If you need pistons, cylinder heads, valves, or 
other parts “that Liberty's torch may always 
burn bright,” if you have a parts or casting 
problem — our expanded facilities are at your 
service, as promptly as our part in the national 
defense program will permit. 

Ohio 

CHICAGO. 616 So. Michigan Avo. 


ALUMINUM INDUSTRIES, Inc., Cincinnati, 

New Center Bldg. LOS ANGELES, 324 N. Sen Pedro St. 


PERMITE 


CASTINGS 


AVIATION, November, 



WARRErt 

‘YARTHUI 


/■URTISS-WRIGHT ASKED FOR SEATS TO MEET THE FOLLOWING 

REQUIREMENTS: PILOT SEAT with base sliding aft and outboard, to be completely interchangeable with Co-Pilot seat, sliding 
aft at opposite angle. Individually adjustable back and seat with provision for parachutes in both. Vertical lift of S/a inches with low 
position only 1 6/2 inches from floor to top of seat including a 6 inch deep seat parachute. Maximum Air Corps loads 2400 lbs. on 
seat, 1600 lbs. on belt, 1200 lbs. on back. Chair to weigh less than 36 lbs. 

Radio Operator's seat, with provision for back and seat parachutes, no arms, full swiveling, straight fore and aft movement. 
Air Corps loads, 1600 lbs. on seat, 1600 lbs. on belt, 600 lbs. on back. Weight 18 lbs. 

The seats illustrated meet these requirements. The Warren McArthur Corporation can engineer seats for the most difficult and 
exacting requirements of the airplane manufacturer. 


WARREN /^‘ARTHUR* CORPORATION 

ONE PARwK AVENUE NEW YOR^K, CITY 

DESIGNERS, ENGINEERS AND MANUFACTURERS OF AIRCRAFT AND NAVY SEATING 
PILOT'S • CO-PILOT'S • NAVIGATOR'S ■ RADIO OPERATOR'S • REAR GUNNER'S • CAMERA OPERATOR'S • FLIGHT 
ENGINEER'S • NAVY PATROL STEERSMEN • BOMBARDIER • WARDROOM • OBSERVATION AND TRANSPORT SEATS 
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CURTISS P-40-D 

PURSUIT PLANE 

ii. with 

KT PRECISION bearings 



Write for the Catalog. Let ot. 



NORMA-HOFFMANN BEARINGS CORP’N., STAMFORD, CONN., U.S.A. • FOUNDED 1911 



/foie . 




oil Hie way to help finish the job” 


31 IGHTLY from Newfoundland echoes the thunder of de- 
parting warplanes — heavy bombers taking off for destinations 
"Somewhere in England.” Conspicuous among these are the 
Consolidated Liberators, long-range, high-speed, four-engine, 
20-ton bombers, equipped with Curtiss Electric Propellers. 


CURTISS-WRIGHT CORPORATION 

Propeller Division • Caldwell, New Jersey 







PRECISION FINISHED 

ON SOUTH BEND LATHES 

for 

CURTISS P-40D PURSUIT 


Irporations INC. 


MODERN PROTECTION 


for Defense Power 


Metering pins for the Curtiss 
P-40D U.S. Army Pursuit Plane are 
precision finished on the small South 
Bend Bench Lathe shown at the left. 
Many other South Bend Lathes are 
performing equally important tasks 
in Curtiss-Wright shops. 

South Bend Lathes are made in 
five sizes: !)", 10", 13", lijaj" and 16' 
swing, with toolroom or manufactur- 
ing equipment. They will give you 
the same dependable performance 
that they are giving to thousands of 
defense industries throughout the 
United States. 

Write for our latest catalog and 
name of nearest dealer. 




"fr “v* "v* Accuracy aloft under all flying conditions is born here, 
where traditional Pioneer craftsmanship and precision are sup- 
plemented with test after test on highly specialized inspection 
equipment. Thus the truthfulness of what the pilot sees recorded 
on Pioneer Instruments is safeguarded to a degree that makes 
the possibility of appreciable error most remote. 

T^onee^t instrument j=§j 

DIVISION OF BENDIX AVIATION CORPORATION • BENDIX, NEW JERSEY " tM ISP 
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REPOR TING FOR DUTY . . . On schedule, another Republic fighting plane com- 
pletes its delivery flight. No arrival is more welcome to the pilots 



of the Army’s interceptor commands, who daily chronicle the unsur- 
passed performance and dependable power of these high-altitude 
pursuit airplanes. Republic Aviation Corp., Farmingdale, L. I., N.Y. 
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How Big is a Trickle 
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o the laboratory” is a part of the 
re and smooth Bendix Brakes for America's 
airplanes. This massive 60,000-pound Dynamometer, with a 37,500- 
pound flywheel whirled at rim -speeds that can go to 120 miles an 
hour, accurately simulates the energy which must be dissipated when a 
given airplane is landed at a given speed. Sensitive automatic instruments 
write the precise performance records of each brake tested. In this man- 
ner, Bendix precision manufacture safeguards those critical moments of 
ground -contact for men who fly. Equipment such as this— inspection 
and testing procedures such as these— keep Bendix Landing Gear excel- 
lent in every respect . . . which is why it enjoys every airman’s respect. 


LANDING-GEAR EQUIPMENT 


AIRPLANE WHEELS AND BRAKES • PNEUDRAULIC SHOCK STRUTS 
SWIVELABLE AND STEERABLE T A I L - K N U C K L E S • PILOT SEATS 


AVIATION. 



» Only two more months till 1942 
calendar time! If you’re planning a 
calendar to end all calendars, have a 
care. Take a tip from Thompson 
Products. For these people, who mod- 
estly call themselves “manufacturers of 
automobile and aircraft parts," did the 
Irick last New Year, in our opinion. 

If you haven’t seen Thompson’s 
“Dawn of Wings" — a lithographic sym- 
posium of early airplanes, you arc a 
babe in the woods, totally unprepared 
to tackle the problem of keeping your 
1942 killer-diller calendar out of the 
nearest waste basket. 

Why gentlemen of the Board, Thomp- 
son's calendar stops them cold! The 
Customers take it apart and make mur- 



als out of it ! They don't even cut the 
add off the bottom. It's stupendous! 
Why, it’s — it’s listen. This calen- 

dar is a series of 12 pictures, in color, 
of early airplanes. The Wright Biplane 
of 1903 ! The Santos Dumont powered 
box kite of 1906! Caproni’s twin pro- 
peller ship of 1909. and on up to Sikor- 
sky’s four-engine cabin plane of 1913. 

You can read this calendar like a 
book, for hours, and keep on learning 
things. Even for days. Yes, we’re 
one of the guys who made a mural 
out of it. When we get tired of trying 
to figure out whether it's true that there 
are 16 machine guns and four cannon 
in the latest fighter job. we just tilt 
back in our swivel chair and meditate 
on that pretty little Grade Monoplane, 
vintage 1912, floating up from a green 
meadow like a butterfly. 


five gallon tin of gasoline, and sailed 
up into the sun, with nothing between 
him and the ground and the sky but the 
seat off a Deering hay rake and a few 
strands of piano wire, humming in the 

Almost as good as the Grade mono- 
plane, which was a parasol type, with 
the pilot underneath, is Bleriot’s mono- 
plane with the man on top, although it 
is a high wing design. Out ahead, you 
see the white chalk banks and you 
know it's the first airplane crossing of 
the English Channel. The caption 
says : “On the morning of July 25, 
1909, he boarded his monoplane in 
Calais, France, and took off with the 
cliffs of Dover, England, as his goal. 
The 20-mile flight was accomplished in 
37 minutes. His triumph was received 
with wild acclaim throughout the civil- 
ued world." 

» Turn over the pace, or shift your 
eye, if you've tacked the pictures on 
your office wall, and there’s Glenn Mar- 
lin’s rugged-looking 1909 biplane, with 
a three-wheel undercarriage, the rudder 
on a boom in the rear, the elevator on 
a front outrigger, and the ailerons fitted 
to the struts half way between upper 
and lower wings. On the pilot’s seat, 
in front of the radiator, wearing gog- 
gles, puttees, and a white collar and tie, 
is a young man. Might be Glenn Mar- 
tin himself. 

The Artist shows the Martin plane 
taking off a lovely pasture with high 
purple mountains in the background, 
coming right toward you, and barely 
clearing a stout board fence. But the 
pilot is not alarmed in the least. If 
some of the other early planes appear 
to offer only adventure and thrills, the 
Martin airplane seems to be a machine 
for going places : it looks strong and 
business-like. You would not be sur- 
prised if you could see a brief case there 
in Mr. Martin's lap. You get the idea 
that board fences and high purple moun- 
tains are out of men's way for good. 

Another beauty, we think, is Si- 
korsky’s “Grand”. Here is the true 
beginning of the romance of the air, 


which, since the earth holds unlimited 
quantities of aluminum, bids fair to last 
as long as anything else does. 

After building eight smaller machines, 
Sikorsky “designed and constructed a 
huge four-engine biplane which he 
called the Grand. This ship created a 
sensation,” says the caption writer in 
high understatement. "It was by far 
the largest airplane in the world at 
the time. The wing span was nearly 
100 feet and four 100 hp engines fur- 
nished the power. On initial tests. 
Sikorsky, four mechanics and a relief 
pilot, succeeded in flying 55 mph with 
this 9000-pound monster. On August 
2, 1913, Sikorsky, with seven passen- 
gers, made a duration record of one 
hour 54 minutes. About a year later 
an improved model of the Grand car- 
ried seven passengers for a night flight 
lasting six hours 33 minutes, during 
which guests were served a hot meal 

» But Mr. Sikorsky, the genius from 
Kiev, made one error of foresight. He 
put a captain's bridge out in front of 
his cabin! There in blue-uniformed 
splendor stand two flight officers right 



out in the 56-mile breeae. Little did Si- 
korsky realise, as he designed his 
bridge, that a mighty wind would blow 
300, 400. 500 miles per hour; a wind 
that would scalp anybody who so much 
as stuck his head out in it. He didn’t 
know that while he was still building 
airplanes, they would become submar- 
ines aloft, with all hatches battened 
down and people inside getting pale 
faces despite their sun lamps and vita- 
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AVIATION MAGAZINE 

New York City 
October 1, 1941 

Dear Mr. Wright: 

The expansion of the aviation in- 
dustry in the year 1941 is an industrial 
miracle. But almost equally miraculous 
is the fact that the industry has ex- 
panded almost exactly as you predicted 
in your last article, “The Truth About 
the Defense Program", published in 
Aviation’s January, 1941, issue. In 
the last two decades I have seen many 
aeronautical predictions, most of which 
went wrong. But I have never seen 
any estimates anywhere that have stood 
the test of time as well as have those 
that you made a year ago. 

Each month, as the airplane delivery 
totals were released, I have called to 
the attention of our readers the accu- 
racy of your predictions: but that is 
only a part of your prophecy. I wonder 
if you could find time, from your busy 
days and nights, to check over your 
original estimates of monthly deliveries, 
increases in productive floor space, di- 
rect labor, and other basic factors in 
our program, including the comparisons 
with British and Axis production rates, 
to show how closely our industry has 
followed the pattern laid down for it. 
I realize fully what an imposition it 

of this sort, but I feel that you will be 
rendering a valuable service to the 
country in again giving facts on the job 
done by the aircraft industry in the 
greatest productive capacity expansion 
of all time. 

Sincerely yours. 

Leslie E. Neville 

P.S. Incidentally you will be interested 
to know that your article, "The Truth 
About the Defense Program" won for 
Aviation the Industrial Marketing 
Award of Merit for the best article or 
editorial published in a business publi- 
cation during the period of August 1, 
1940 to July 31, 1941. 



AIRCRAFT SRANCH 
OFFICE OF PRODUCTION MANAGEMENT 
October 10, 1941 

Dear Mr. Neville: 

I agree that there is a need to re- 
appraise our effort of the past year 
and a half. It is difficult for me to get 
time to do much writing, but in this 
less formal way, I am pleased to give 
you my reactions on what has hap- 
pened during this period. Naturally I 
am pleased and gratified that the Indus- 
trial Marketing Award of Merit was 
given to Aviation because of my arti- 
cle in the January issue. 

It has been interesting to keep track 
on the curves of actual airplane de- 
liveries, point by point, as the months 
have gone by. The check has been 
good ; we have done about what was to 
be expected. It took time to get under 
way, shown by the initial flat portion 
of the curve of monthly deliveries; then 
there was a period of acceleration, until 
we reached the very creditable rate 
that we are now producing. In Presi- 
dent Roosevelt’s message to Congress 
on September 18, asking for additional 
Lend-Lease appropriations, lie said (he 
following: "Planes, tanks, guns, and 
ships, have begun to flow from our 
factories and yards, and the flow will 
accelerate from day to day, until the 
stream becomes a river, and the river 
a torrent, engulfing this totalitarian 
tyranny which seeks to dominate the 
world.” In a leading article in Life 
magazine for September 29, this quo- 
tation is referred to as “looking good” 
superficially, but there is the intima- 
tion that our deliveries are only a 
“trickle of arms to Britain.” I beg 
leave to differ with this opinion, as I 
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PROGRESS 


In reply to those who would attempt to discredit the 
miraculous performance of the aviation industry in 
the present emergency, we are proud to present 
this progress report on production expansion. How 
the supreme effort of our aviation manufacturers has 
pushed production to the point where part of ours, 
added to that of the British, now surpasses that of the 
Axis powers is told by the foremost authority on plane 
production throughout the world. 

By T. P. Wright Assistant Chief, Aircraft Branch, O.P.M. 



believe that the President's statement 
is both accurate and timely. 

There is a tendency for the American 
people to be either extremely optimistic 
or extremely pessimistic as to pros- 
pects in a given situation, depending 
on short range circumstances. Al- 
though the present situation does not 
call for over-optimism, certainly ex- 
treme pessimism is not indicated. We 
have done a tremendous job during 
tile past year and a half : it is really 
something of wilicil we can be justly 
proud, to deliver aircraft now at a rate 
four-fold that which maintained at the 
start of our period of expansion about 
1 5 months ago f We have gone from 
approximately 500 airplanes per month 
during the summer of 1940, to about 
2000 in the fall of 1941, and we are only 
gening started at the present time. All 
of this increase has been brought about 
by accelerating deliveries from the air- 
craft industry itself. We are yet to 
receive aid from other industries given 


a part in the aircraft program a year 

As I have pointed out in previous 
articles published in your magazine, 
morale is of equal importance with pro- 
duction of material. To gain morale a 
people must know the truth, they must 
know what is being accomplished, and 
they must feel confident that the men to 
whom they have intrusted the problem 
of increasing production output arc 
doing a creditable job. They must ap- 
preciate the need for increased sacri- 
fice, but as well they must recog- 
nize that the task already set has been 
well handled. I have previously em- 
phasized the former. I now wish to 
place particular stress on the latter. A 
good job has been and is being done. 

The meat of this letter is the accom- 
panying set of curves of the article of 
last January, reproduced just as in 
that article, but added to by the incor- 
poration of small dots to show actual 






V/here the Auto 





With the plant-building stage almost behind 
to enter the pre-production phase of their activi- 

By Clinton B. F. Macauley, 


W ITH America’s peacetime aviation 
industry already close to Britain's 
war-time plane capacity, we stand on the 
threshold of the second phase of pro- 
duction expansion — the participation of 
the automotive industry in the manufac- 
ture of engines, propellers, airplane 
parts, sub-assemblies, and complete air- 
planes. Scarcely a year has elapsed 
since the automotive producers began to 
even plan for participation in the avia- 
tion program on any appreciable scale. 
Aeronautical production of the automo- 
tive industry, save for those few con- 
cerns which have been in the aviation 
business for years, is now only a trickle 
in the rising flood of aircraft produc- 
tion. This represents no culpability on 
the part of the auto industry, however. 
That there is any production at all 
after so short a period of preparation 
is no mean achievement — particularly 
when we consider the whole range of 
completely new problems which chal- 
lenged an established industry. 

Most important, the spadework and 
preliminaries are substantially com- 
pleted. New plant floor space running 
into millions of square feet has been 
provided by new construction and con- 
version of old factories, thousands of 
men have been trained in aviation skills, 
and machinery and tools have been fab- 
ricated and installed. 

As the year draws to a close, this 
machinery and more being added daily 
will begin to turn faster and faster so 
that by the first months of next year 
the automotive effort will have assumed 


To secure material on automotive participa- 
tion in the air defense program. C. B. F. 
Macauley. Washington Editor of AVIATION 
traveled some 2.500 miles throughout tho 
middle west, inspecting plants, observing 

mobile and aviation officials. 

Macauley came to AVIATION from tho 
Civil Aeronautics Administration, where he 
was Chief of the Publications Section and 


Makers Stand 


them, the automobile manufacturers are about 
ties. After this we may expect real production. 


Washington Editor. Aviation 


than a pound per horsepower for our 
high output aircraft engines. An air- 
craft powerplant built along the lines 

engine weighing up to six tons, which 
is considerably in excess of the total 
weight of a single-engine combat air- 
craft. This is not as illogical as it 
would seem at first. Weight is not a 
primary consideration in designing a 
rugged and reliable engine for surface 
transportation. But in aeronautical de- 
sign, where weight is of utmost im- 
portance in relation to performance and 




Civil Aviation Cooperates 
In Russian War Effort 

By Lucien Zacharoff Associate Editor, Aircraft Publications 


F OR the first time since its inaugura- 
tion, one of the Soviet Union’s most 
popular holidays. Aviation Day, was 
observed in August under wartime con- 
ditions. While the Red Air Force is 
much heard from these days, consider- 
ably less is said of the operations of the 
Civil Air Fleet. The Soviets have em- 
phasized for years that they regard 
their commercial and sports aviation as 
a powerful adjunct of the lighting con- 
tingents. 

The activities of the airlines and other 
brandies of civil aeronautics have been 
decidedly subordinated to the all-out 
war effort. Civil flying has not been 
curtailed, but rather it has been re- 


directed. Private travel and transport of 
non-essential freight is restricted. On 
the other hand, expansion has been 
registered in the aerial ambulance serv- 
ice, which even before the war was a 
prominent department of the Civil Air 

It is noteworthy that since the Nazi 
invasion began scores of civilian air- 
men have been decorated by the govern- 
ment, alongside the military fliers, ’’for 
exemplary and self-sacrificing execution 
of orders of the Red Army command 
in fighting German Nazism and for 
courage and valor displayed therein." 

There was cited Pilot Andreyev. 
While transporting wounded soldiers, 


his plane was attacked by Nazi pursuits 
and burst into flames. Under incessant 
enemy fire, the pilot made a perfect 
landing. While the German fighters cir- 
cled over them, Andreyev and his crew 
carried 25 seriously wounded men to a 
place of safety. 

Another Civil Air Fleet ambulance 
was similarly attacked. The wounded 
pilot with great difficulty tried to land 
his craft on an island, but it hit the 
water and began to sink. Flight Me- 
chanic Polvakoff, who was unhurt, saved 
the commander ot the plane, the radio 
operator and all 15 gravely wounded 
Red Army men aboard. 

Commander Riza of the PS-84, a 
twin-engined (air-cooled) transport, 
regularly flies over the front lines. In 
a single night he made three flights 
into enemy country. All flights were 
successful, notwithstanding foul weather 
and anti-aircraft lire. Although in 
decorating him, the Presidium of the 
Supreme Soviet of the USSR has not 
stated his mission, it is apparently a 
part of the Civil Air Fleet’s operations 
nowadays to deliver to the guerrilla 
detachments behind the German lines 
their ammunition, food, literature, and 
perhaps to bring well-trained and armed 
parachuting saboteurs. 

Equally renowned for his daring calls 
behind the Nazi lines is civilian Pilot 
Vervciko who, when last heard from, 
was attached to a Kiev unit. He flies at 
night and under enemy AA fire. 

On the 2,000-mile front, it is all in 
the day's work for a civilian pilot to 
undergo the experience oi Commander 
Krugloff of an ambulance plane which 
with a group of wounded soldiers aboard 
was attacked by three Messerschmitts. 
His ship damaged, himself badly 
wounded, Krugloff landed and dragged 
his wounded Red Army charges to 
safety, all this under withering German 
machine gun fire. 

Remaining aloft 14 to 16 hours at a 
time, Pilot Zinchenko made over 20 
flights to evacuate wounded Soviet citi- 

Pilot Taranenko, delivering medicines 
to field hospitals, was attacked by Nazi 
fighters, while several wounded soldiers 
were with him. His plane was damaged 
by enemy fire. So, Taranenko landed — 
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and it was not on an emergency field 
either — effected repairs and flew the 
wounded to a hospital. 

The foregoing incidents afford but a 
brief cross-section of the Soviet civil 
ambulance service. As the war con- 
tinues, this invaluable collaborator with 
the Red Army Medical Corps will con- 

for the extent, elaborateness and daring 

Nor has the expansion in medical 
work interfered in the regular airline 
operations. Since the beginning of the 
war the Civil Air Fleet has been striv- 
ing to maintain the record set last year 
when it placed the USSR in the first 
place in the world in the total mileage 

Until that fateful night of June 22 
when the Wehrmacht lunged across the 
Soviet frontiers without a warning, the 
transport of passengers, mail and ex- 
press was steadily growing in im- 
portance in the USSR, ably complement- 
ing corresponding rail and waterway 
facilities. By 1940, Soviet airlines to- 
talled 88,000 miles, compared with 36.- 
581 miles in the United States. If we 
included the foreign lines operated by 

figure^ are, respectively, 93,000 and 80.-' 
109 miles. The U.S. led in the number 
of passengers carried and although in 
tilts respect the Soviet Union was left 
considerably behind, it in turn was far 
ahead of the rest of the field. The Soviet 
lines transported 301,000 passengers in 
1939, by far the highest figure for any 
European power, but U.S. lines ac- 
counted for 1,876,000 air travellers that 

But the USSR led with mail transport 
when it reported 11,517 tons in 1939. 
It is also world leader in air freight 
haulage. In 1939, the last pre-war year, 
it shipped by air 39,654 tons of freight 
as against 4,757 tons carried in the U.S. 

However, Soviet air travellers are 
fully appreciative of the advantages of 
their country's airlines. They know that 
the railroad trip from Moscow to Alma- 
Ata. to give only one example, requires 
five days, but the 2,235 mile beeline is 
traversed by the airliner in less than 

Moscow is the great focal point for 
air transport. Regularly and frequently 
the liners take off for or arrive from 
Leningrad. Ashkhabad, Tblisi, Mineral- 
niye Vodi and other European and 
Asiatic cities of the Union. Some sched- 
ules have had to be drastically revised 
or eliminated; for instance, the German 
occupation of Kiev caused the discon- 
tinuance of one of the most popular air 
routes, that between the Russian and 
Ukrainian capitals. Since in nearly every 
case of Soviet evacuation, valuable 
equipment is removed in good time by 
the defenders, airplanes on the Kiev 


route and others un- 
doubtedly have been 
transferred to in- 
crease the service 
elsewhere. 

Incidentally, the 

Mineralniyc Vodi 
route is by the six- 
engined USSR-I-- 
760, the successor to 
the giant Maxim 
Gorki type. The 
L-760 has a range 
of 3,000 kilometers 
(1,875 miles) and 
accommodations for 
64 passengers and a 
crew of eight, as this 
writer reported in 
the pages of Avia- 

Ettrope have told nf 
its conversion into 
a heavy bomber. The 
weight of this ship 
in flight is 45 tons: 
wing spread 210 ft.. 
height 23 ft. 

Other aircraft 



mail and passenger Soviet planes 

traffic include PS- attached 

84. PS-40, PS-35 ,rom an ice 

and others. Whereas condition.. 

in the past speed 

and comfort used to 

be sacrificed for sturdiness, durability 


compare with the best in the world. On 
the Moscow-lrkutsk line, 2.835 air miles 
long, a 20-hour schedule is maintained. 
At the beginning of 1941 the 11-pas- 
senger PS-35s averaged 250 m.p.h. rate 
on some runs. On heavily patronized 
runs this plane is augmented by another 
twin-engined ship, PS-84 which takes 
aloft 21 passengers. Used on the Mos- 
cow-Stockholm line, this plane cruised 
at 170 m.p.h.. though there have been 
hints from the pilots that they used it 
quite regularly at 190 m.p.h.: maximum 
speed is. of course, higher. Resembling 
America's DC-3 (which, incidentally, 
has been basic equipment on most oi 
the Soviet international lines), the PS- 
84 has 1,250-mile range and 18,000- 

lands at 85 or lower, handles easily, 
flies on one engine with which it main- 
tains 95 m.p.h. Its adaptability to com- 
plex air and ground conditions led to its 
introduction in 1941 on the Arctic air- 
ways, of which more presently. 

Also widely employed in commercial 
flying is the Stal-11 which has several 
versions. Particularly well streamlined, 
this was first built in 1936 when a 
Hispano-Suiza engine powered it, later 
to be replaced by a liquid-cooled native 




power plant. In 1939 the seven-pas- 
senger model of Stal set the present 
world speed record for non-military 
planes, when it covered 5,000 kilometers 
(3,100 miles) non-stop at 251 m.p.h. 

Prior to the war a number of inter- 
national airlines operated under the 
auspices of the Main Administration of 
the Civil Air Fleet. They linked the 
country with Berlin. Stockholm, Sofia, 
Kabul and other centers of Europe, 
Asia and Near East. 

On those, as well as on the domestic 

mechanics were known as "million- 
aires”; each had to his credit at least 
1,000,000 kilometers in the air. The 
quality of their training has made it 
possible in recent years to take advan- 
tage of the latest technological advances 
made by aeronautical research in the 
USSR and abroad. On the initiative of 
some veteran pilots and with the co- 
operation of engineers and other tech- 
nicians, civil aircraft have been built 
to operate normally at altitudes of 13,- 
000 to 19,000 ft. These heights endow 
the planes with greater speed and result 
ill a substantial conservation of fuel. 
The utilization of such norms has made 
possible, among other things, mail from 
Irkutsk to Moscow in less than a day. 

( Turn to pane 184 ) 



British Bomber Crews 
In Training 

The R.A.F. puts its bomber crews through an exacting course 
of study where synchronized team work is developed. 


By an R.A.F. Officer 

This articlo was written by an R.A.F. 

was flown across tho North Atlantic by a 
British forry ship. Drawings are by tho dis- 


A T the beginning of the year the first 
few officers and airmen arrived at 
the new aerodrome to camp in huts 
islanded in a wintry sea of mud. The 
soil here is almost clay, lying thick 
and heavy in this flat space between 
limestone hills, a blanket which keeps 
down the lime and encourages bracken 
and pine-trees, an alien growth in the 
Cotswolds. 

Now, on a rainy day in summer, 
there are still sticky patches of un- 


covered earth, but lawns and flower- 
beds are beginning to spread. In front 
of station headquarters there is a very 
tidy garden. "You should have seen 
those dahlias a week ago,” the visitor 
is told — “all raised from seed, of 
course.” There'll always be an Eng- 
land, even if most of it has to be cut 
up into aerodromes. 

The dahlias arc the most obvious 
sign of swift and efficient organiza- 
tion, and one about which it is per- 
missible to boast — to flower so soon 

But everywhere else there has been 
as quick a growth. 

In raw and unimpressive sheds there 
are all the extraordinary machines and 
devices which teach bomber crews to 
fly, to navigate, to shoot, and to bomb. 
Some of the machines are incompre- 


hensible to anyone but an expert. Other 
devices have a simple and even inno- 
cent ingenuity which is almost as re- 
markable. On what appears to be a 
kitchen table, though tilted at an angle 
of 45 degrees, a warrant officer crouches. 
By his side is a board covered with 
switches. Behind him stands a sergeant 
who is allowed only a little wooden 
handle on his board. The first is the 
bomb-aimer, the second the pilot. 

In dramatic accents the bomb-aimer 
announces: “We are crossing the Eng- 
lish coast, and now is the time for the 
bombs to be fused.” He presses a little 
switch by his side, but nothing really 
happens. 

A few seconds later he continues, 
"We are nearing the target. We are 
going to drop the whole load in one 
stick. It's a big target, Krupp's works 
at Essen, so we put the bombs well 
apart, 70 yards between each. I ar- 
range the selector switches on my 
Mickey Mouse.” He arranges them, and 
then the drama heightens, as he tells 
the pilot how to approach Krupps. 

“Bomb doors open!" 

“Bomb doors open,” the pilot ans- 

"Right. Right. Left. Steady,” and 
again the pilot repeats the words. Then 
down goes another switch. 

“Bombs gone !" exclaim both bomb- 
aimer and pilot. 

With a shocking thud, alarming after 
so much dramatic preparation, three 
rows of little wooden bombs, each 
bomb very carefully carpentered and 
painted to look like the real thing, flop 
down from a wooden frame-work to a 
green mattress three feet below. Even 
more disconcerting and wholly unex- 
pected is the release of a sheaf of long 
wooden incendiaries from a metal box 
beside them. They fall with a crash to 
the hard floor at one’s feet. It will 
take some time to pick up all the bombs 
and fit them on to their hooks, but by 
the time the apprentice bomb-aimer has 
repeated again and again the actions 
and words of the warrant officer he will 
know all his switches forwards and 
backwards. 
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They Wear The Pants 

Vultee Aircraft has called in women to help relieve the employment shortage. 

By W. Gerard Tuttle Industrial Relations Director, Vultee Aircraft, Inc. 


W AY last April, long before Sidney 
Hillman asked the aircraft industry 
to tap the reservoir of women workers, 
we had started hiring women at Vultee. 
In the six months since then we have 
employed more than 300 women and 
have put them to work throughout the 
factory, including some on light rivet- 
ing. We have learned some interesting 
things about the place of women in the 
aircraft manufacturing industry. And 
we have lost much of our fear of a 


shortage of man power which might 
result as the defense program expands. 

We did not turn to the employment 
of women last April through any lack 
of men workers at that time, although 
a shortage of male workers has since 
begun to develop. It is true that we 
wanted to anticipate any labor shortage 
by experimenting with women workers, 
but there were a number of additional 
reasons for their employment. Women 
have long been active in almost every 



W. Gerard Tuttle 


branch of American industry including 
many of the manufacturing industries, 
but they had made little progress in 
aviation work. We did not see why they 
could not be used to advantage in many 
departments in addition to their tradi- 
tional work in fabric trimming and sew- 
ing. The women themselves have been 
placing aircraft factories under contin- 
uous pressure to employ them as a means 
of permitting their fuller contribution 
to the national defense program. Fur- 
thermore, as aircraft have grown more 
complex, a multitude of intricate assem- 
bly operations have developed. These 
require considerable finger dexterity and 
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it was believed that nimble female fin- 
gers would be ideal for such work. Fi- 
nally, up-grading of the men workers 
to advance them to more important work 
is a vital phase of current aircraft 
building. It was felt that the men could 
be advanced more rapidly to the more 
responsible jobs if women could take 
over the simpler, repetitive operations. 

All of the reasons which induced us 
to experiment with women workers 
throughout the plant, including welding, 
riveting, machine shop work and final 
assembly operations, have been proved 
sound in practice. Women have not 
displaced men but have simply freed 
them for more rapid advancement than 
would otherwise have been possible. 
The women are paid the same wage 
scale as the men for the same work. 
The result is that the women are well 
pleased with their pay, which averages 
considerably more than they had earned 
elsewhere. And hands which have long 
been accustomed to monotonous manipu- 
lation of knitting needles or crochet 
hooks have proved more patient on 
routine work than those of the average 

Hiring and training of women work- 
ers has not been the problem we feared. 
Almost 90 percent of our women work- 
ers have had previous experience in 
other manufacturing work. Such work 
has covered a broad scale, including 
especially radio and phonograph manu- 
facture, can machine operation, plastics 


manufacturing and miscellaneous small 
machine operations. But this experience 
has accustomed the women to factory 
discipline and made it easy to fit them 
into the schedule along with the men. 
So far there is every evidence of the 
availability of as many women workers 
as we may need for many months to 
come. We have made a careful study of 
operations in our plant which could be 
performed to advantage by women and 
believe that at least half of all our 
work could be done by the girls without 
sacrificing efficiency. In an emergency 
we might find it possible to approach 







A Royal Canadian Air Force pilot about to take oil in a North American Harvard trainer. 


Canada Trains 

The Empire's W dr birds 

At 100 fields throughout Canada thousands of pilots and technicians 
are being trained. The training plan is 18 months ahead of schedule 
and 25 squadrons are already overseas flying for the Empire. 


By James Montagnes 

I N December 1939 Canada's Prime 
Minister Mackenzie King announced 
that the British Empire's airmen would 
be trained under a joint plan in Canada 
tinder Royal Canadian Air Force su- 
pervision. When the second anni- 
versary of that momentous announce- 
ment rolls around Canada can announce 
that the Commonwealth Air Training 
Plan is in full swing, that more schools 
are in operation than were originally 
planned, that an instructional and 
ground staff of more than 46,000 is 
functioning, that nearly 72,000 officers 
and men are in the Royal Canadian 
Air Force, that the plan is some 18 
months ahead of schedule, that thou- 
sands of pilots, gunners and observers 
are being trained monthly. In fact so 
well has the Plan worked out that there 
is now talk in Ottawa that the capacity 
of the Plan may be doubled with Can- 
ada taking on the full responsibility 


of training Great Britain’s airmen as 
well as those of Canada, Newfound- 
land, the West Indies, Australia and 
New Zealand. Thirteen squadrons of 
the Royal Canadian Air Force were 
reported to be flying over Britain by 
mid-September, 1941. Establishment of 
25 squadrons overseas was on the books 
for the end of 1941. 

The tempo of the Commonwealth Air 
Training Plan has been greatly accel- 
erated since its announcement. An- 
nounced to cost $600,000,000 during 
the three year term till April 1943, the 
cost has now been set near the $1,- 
000,000,000 mark for that period. 
Planned to be in full production some- 
time in 1942, it is now functioning with 
more schools and airfields than orig- 
inally planned, and requiring the com- 
pletion of only a few schools to bring 
the total to 91 schools and 100 flying 
fields. Training has also been speeded 
up and pilots now come off the pro- 
duction line in 22 weeks, bomber-ob- 
servers in 27 weeks, and wireless opera- 


tor-gunners in 24 weeks. Advanced 
training in actual combat planes is 
given overseas as a finisher before 
graduates of the Commonwealth Air 
Training Plan take their places in 
fighter and bomber aircraft for opera- 

Starting from scratch, with only the 
peacetime Royal Canadian Air Force 
of less than 3,500 officers and men as 
a nucleus, the Commonwealth Air 
Training Plan has come a long way. 
Great Britain sent over a small force 
of air force specialists to help organize 
the Plan, sent over some planes and 
engines as part of its share of the 
cost. Throughout Canada elementary 
and advanced flying schools were 
started, using the government-sponsored 
light flying clubs as a base for ele- 
mentary training and private companies 
consisting mainly of small transport and 
school operators as a base for inter- 
mediate training. Royal Canadian Air 
Force schools were widely scattered 
throughout the Dominion for advanced 
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flying, bombing and gunnery training, 
wireless operating, administrative and 
ground crew instruction. Civilians were 
used for much of the instructional work 
for both flying and ground crews. As 
the Royal Canadian Air Force expanded 
numerous of these civilian companies 
were disbanded or made a part of the 

Because Canada's aircraft industry in 
all its branches was small, many civilian 
pilots and mechanics were recruited in 
the United States. From south of the 
Canada-U. S. A. border have also conte 
many recruits for the Royal Canadian 
Air Force, mostly pilots of experience 
and youths anxious to fly. It was stated 
recently by J. T. Thorson, Minister of 
National War Services in the Canadian 
Cabinet, that eight percent of all air 
crews being trained under the Plan 
are Americans, and that there are about 
600 American instructors in the air 
training schools. Those in the Royal 
Canadian Air Force are distinguished 
by the wearing of a shoulder badge 
with the letters U. S. A. embroidered 
on black. The Americans come from 
all parts of the country, from till walks 
of life. Canadians make up the bulk 
of the air force, with a smattering from 
many parts of the Empire and the 
Lat in-American republics. Australians 
and New Zealanders, the former easily 
distinguishable by their darker blue uni- 
forms. make up about 15 percent of all 
the trainees under the Plan. 

There are now 17 recruiting centers 






their alertness, adaptability and initia- 
tive. After five weeks they are sorted 
out as to pilot and observer material. 
Meanwhile those who will become gun- 
ners and wireless operators have started 
their training in one of 4 wireless 
schools. 

The pilots go to one of 26 elementary 
flying schools where they learn in 7 
weeks to fly' in Fleet Finch and de 
Havilland Moth trainers. If success- 
ful they will have done 25 hours solo 
flying at the end of this training period. 
Now conies 10 weeks at one of 16 serv- 
ice flying schools, to learn advanced 
flying, aerobatics and night flying in 
(Tarn to page 160) 



throughout the Dominion. On passing 
the medical examination and meeting 
all other requirements, recruits are sent 
to 6 manning depots where they re- 
ceive elementary air force drill, are 

outfitted, given inoculations against ty- 
phoid. tetanus and smallpox, are sorted 
into ground and air crew. If picked 

in their caps. Those picked for pilots 
or bomber observers go to 7 initial 

in mathematics, armament, instrument 
flying in Link trainers. They are 
watched by medicos and psychiatrists, 
put through many tests to check their 
ability to stand high altitude flying. 
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Scientific Control of 


This article, covering the technical phases of trans - Atlantic flight 
operations, is the second of three on Pan American operating policies. 


By John C. Leslie, Manager, Atlantia Division, Pan American Airways System 



' ceded the inauguration of 
pacific Clipper passenger service, Pan 
American Airways' pioneering in the 
field of over-water air transport dealt 
with one basic objective : safe, non-stop 
flight over long reaches of open ocean. 
Pan American technicians devoted all 
their skill and energy to the develop- 
ment of equipment and techniques by 
which transocean flight assignments 
could be executed with an adequate as- 
surance of safety. In the last analysis, 
that is still the underlying problem and 
it will vanish only when ocean air- 
liners can operate through any weather, 
at any time, and over any distance, not 
only with absolute safety, but with pre- 
cise regularity and punctuality. 

During the last five years, however, 
Pan American engineers have been 
working also with a group of problems 
which constitute a frontier of effort more 
sophisticated than that of simply main- 
taining a safe service. These problems 
may best be grouped under the title, 
“The Economics of Fuel Economy.” 
Fuel economy is undeniably impor- 
tant in any type of transport flying. 
In domestic operation fuel costs repre- 
sent approximately ten percent of all 
operating expenditures. A one-percent 
reduction of specific fuel consumption 
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Transocean Flight 



for the typical engine used in such fly- 
ing would result in a total saving to 
the domestic air transport industry of 
many thousands of dollars per year. But 
the fact that the fuel load of the aver- 
age domestic transport plane could be 
reduced by one-percent would have small 
effect upon its ordinary payload capac- 
ity. On a New York to Chicago non- 
stop flight, for example, a one-percent 
reduction of the typical fuel load would 
amount to only 27 lb. 

In the economy of a transatlantic or 
transpacific airway, however, the dif- 
ference of a few percent in the amount 
of fuel required makes literally all the 
difference between a commercially prac- 
tical operation or no airline at all. When 
you are loading as many as 5,000 gal- 
lons on a plane for takeoff (i.e., a fuel 
load of 30,000 lb.) a one-percent saving 
of fuel means certainly a finite reduc- 
tion in the airline’s fuel bill. But that 
is a comparatively minor considera- 
tion. Saving one-percent in fuel weight 
means saving 300 lb. which can be de- 
voted to passenger or express payload. 
When it is considered that the weight 
allowance made for a transatlantic pas- 
senger and his baggage is only 242 lb., 
and that the transatlantic one-way fare 
is $525, it is easy to see why Pan 
American has minutely .scrutinized 
every factor conceivably relating to fuel 
consumption. 

More important, the refinements of Pan 
American's fuel consumption studies, 
now based upon experience with more 
than five hundred Pacific and four hun- 
dred Atlantic crossings, has actually 





been of very real national importance. 
Literally hundreds of additional pas- 
sengers whose journeys were impor- 
tantly connected with the nation’s 
defense efforts have been able to make 
transocean crossings solely because Pan 
American had been able scientifically 
to control its flight operations. 

Various mathematical expressions 
have been used in the past to measure 
the efficiency of airplane flight. The 
basic factor in the economics of trans- 
ocean fuel economy is more than "air 
miles flown per pound of fuel con- 
sumed.” It is even something more 
than “ground miles made good per 
pound of fuel consumed.” The real 
measure of effectiveness of a technique 
designed to realize the maximum bene- 
fits of flight control can only be meas- 
ured in terms of "fuel loaded per cross- 
ing completed.” 

Such an index obviously brings in 
every element of the flight operation. 
The objective of any such technique is 
plainly to permit the dispatch of a 
plane with just enough fuel on board 
to permit the crossing to be made under 
the weather conditions which the flight 
will encounter, plus some adequate re- 

centage of the plane's useful load be 
devoted to commercial purposes. For 
example, if the flight forecast for a 
given crossing turns out to have been 
unduly pessimistic, the plane lands at 


the end of its crossing with much more 
fuel than the specified reserve. The 
achievement of a better specific fuel 
consumption than anticipated has the 
same result. Yet it was the forecasted 
fuel consumption of the flight, not the 
fuel actually used, which determined the 
payload transported on that crossing. 

Obviously, the ultimate limits of the 
fuel economies that can be effected on 
any airline operation are determined far 
back in the design stages of the air- 
craft, engines, and propellers with which 
the operation is conducted. The Pan 
American Airways System has, through- 
out its entire history, been vigorous 
in its efforts to cooperate with design- 
ers and manufacturers in the develop- 
ment of high-efficiency equipment. In 
many instances, Pan American has been 
the only — or at least the first — potential 
consumer for such equipment, although 
frequently developments undertaken pri- 
marily for Pan American purposes have 
later been widely used throughout trans- 
port and military aircraft. 

In an airplane purchased for com- 
mercial long-range flight, several char- 
acteristics are essential. The first is 
an airframe which effects the best com- 
promise between maximum L/D, struc- 
tural weight, and flying qualities. The 
second is a power plant winch produces 
uniformly reliable horsepower at con- 
sistently low rates of fuel consumption. 

(Turn to page 188) 



Aircraft Hydraulic Pumps 

The second article in a series on aircraft hydraulic mechanisms. 








work, for we have made the specifica- 
tions as fool-proof as possible and 
have worked for many months with 
experts of The Sherwin-Williams Com- 
pany to test and experiment with finisH- 

ditions. Stocks of the scores of dif- 
ferent finishes and colors for every 
piece of equipment are maintained at 
main and sub-bases, and can be quickly 
requisitioned so that no make-shift 
methods are ever necessary. 

Then, too, the 42-page standards book 
prepared by the paint experts is a very 


TV/ A Standardizes Paint 


New painting chart guides base and terminal crews. 


By William Maxfield, Superintendent of Maintenance 



( Turn to page 168) 
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Meeting the 


Need 


Goodyear Aircraft Corporation is fullv mobilized and in action — turning 
out airplane subassemblies to supply production schedules of many leading 
manufacturers. 


When the call came we were ready with veteran engineers of lifelong experience 
in aeronautical design . . . with master workmen highly skilled in the difficult art 
of light metal-alloy aircraft construction . . . and with facilities for fast production. 


Today in our great aeronautical works, sheet metal parts are flowing in endless 
stream from giant presses to long lines of jigs— there to be assembled swiftly into 
wings, ailerons, nacelles, floats, tails and other surfaces for fighting aircraft. 


Fully mobilized, too, is our production of tires, tubes, brakes and magnesium- 
alloy wheels, in greater volume than ever before. And of scores of 
rubber accessories. 


Today Goodyear stands to aviation as it has long stood to 
the motorcar and truck industries — as the largest supplier 
of parts and accessories within its specialized field. 




A Procedure Control 
For Aircraft Yielding 

With thousands of new men being used as oxy-acetylene weld- 
ers, it is necessary to rigidly control their work methods. Designers, 
however, may be primarily at fault if welding results are poor. 

By A. K. Seemann, Engineer, The Linde Air Products Company 


T HE essential elements in a procedure 
control for welding are: 

1. Design for welding. 

2. Selection and inspection of mate- 

3. Establishment of a routine to give 
desired results in: 
a. Preparation of material 
h. The welding procedure 

4. Qualification of the welding operator 
to follow the procedure. 

5. Inspection and testing of completed 




so that the product will unfailingly be what 
measurement. Such a method that has 

Oxy-acetylene welding is one ot the most 
craft industry. In order to develop the full 


long time to be certain the metal has 
reached a uniform temperature through- 
out, and then allowed to cool to room 
temperature in still air. Since X4130 
is an air-hardening steel, such nor- 
malized tubing possesses higher strength 
and hardness and slightly lower ductility 
than if cooled slowly in a furnace. 

During welding the edges to be joined 
are heated to a molten condition and 
allowed to cool in air. Because of the 
welding operation, in a relatively nar- 
row zone adjacent to the weld there 


1. Design for Welding. 

Oxy-acetylene welding is fundamen- 
tally simple. The edges of two pieces 
of metal are brought close together, 
heated to a molten state by means of 
the oxy-acetylene flame and, after an 
intermingling of the molten metal, al- 
lowed to cool down. Upon reaching 
room temperature there is but one piece 
of metal with, in effect, no joint at all. 
In practical application it is not as 
simple as that, but this fundamental 
simplicity does make it possible to pro- 
duce excellent results with proper design 
and welding technique. 

Joint desien is usually considered as 
consisting of two parts. The first and 
perhaps simpler is the design of the 
weld cross section which will be dis- 
cussed later under item 3 of the proce- 
dure control. The second is the design 
of the joining between two or more 
structural parts. 


Joint designs between two or more 
pieces of tubing are usually dictated by 
the final structure desired. There are 
certain basic designs, such as those 
between two pieces of tubing whose 
axes are to be in the same straight line 
or, in another case, perpendicular to 
each other. The Army, Xavy, and 
C.A.B., singly or in combination, have 



acetylone process are given to provide the 


formulated specifications (ANC-5, 
Strength of Aircraft Elements, Air 
Commerce Manual No. 18, etc.) regard- 
ing designs and materials covering these 
basic designs and it is not necessary to 
repeat them. Although there is not 
always complete accord with such speci- 
fications, investigation is continually 
in progress and undoubtedly they will 
be revised from time to time. 

Aircraft designers are already fami- 
liar with necessary specifications. It 
is more to the point, therefore, if this 
article gives an explanation of the effect 
of welding on tubing and thus provides 
the designer with some material with 

Eliecl at Welding Heal an S.S.E. X4130. 

Most tubing used in aircraft is pur- 
chased in the normalized condition 
which has been heated above critical 
temperature, soaked there a sufficiently 


siderably above critical, just above criti- 
cal, not quite up to critical, and only 
slightly heated. After welding, the hot 
metal will cool down more rapidly than 
if the whole tube was heated, since 
nearby cool metal will have a quenching 
effect. That gives three important 
effects to be considered, namely, expan- 
sion and contraction, air-hardening, and 
annealing. 


When a weld area is heated, the 
metal expands, and upon cooling con- 
tracts. Out of this come three factors 
of importance: possible distortion, lock- 
ed-up stresses and, with X4130, white- 
shortness. 


Elimination of distortion is largely a 
function of the welding shop, but the 
designer must consider it in order to 
decide how completely he can expect 
it to be eliminated. During the years 
that aircraft tubing has been welded, 
welding shops have become particularly 
clever in eliminating distortion. 
Expected shrinkage has been estimated 
and proper allowances made. The de- 
signer must realize, however, that 
amounts of angular distortion and lateral 
distortion resulting from the last weld 
in a closed structure vary with the 
amount of heat the welding operator 
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uses. There is, therefore, a limit to 
the closeness of the tolerances to be 
expected. An instance which comes to 
mind illustrating a design calling for too 
small a tolerance, concerns the fabrica- 
tion of a motor mount on which it 
was expected also to support a small 
oil tank. The welding shop was able 
to hold the face-to-face dimension of 
the mount to extremely close tolerance. 
Fixed brackets far the mounting of the 
oil lank added the requirement of keep- 
ing accurate angular alignment and 
straightness of the motor mount ring 
supporting tubes, and this caused con- 
siderable difficulty in the shop. A 
slight redesign to provide a small 
adjustment in the bracket would have 
met the condition with far less effort. 


There are two sources of locked-up 
stresses. When cold-work, such as 
bending or flattening, is performed on 
tubing, stresses arc locked-up in the 
metal. Practically all stresses caused 
by the manufacture of the tubing are 
relieved by the normalizing treatment. 

During the contraction which follows 
welding, rather high stresses are locked- 
up in the metal which was heated. How- 
ever, in static tension, compression, or 
torsion, these stresses do not cause any 
particular difficulty (provided there has 
not been any serious impairment of 
ductility), unless there be but little un- 
stressed material adjacent to the weld. 
When a part is loaded, the internal 
stresses induced seem to continue to 
move about until all the metal which is 
available to carry load has been stressed 
to its vield point. Then permanent 
deformation begins. 

For the designer this means that he 
should avoid placing welds too closely 
together. For instance, a short tube 
welded at both ends into a rigid struc- 
ture cannot absorb a great deal of addi- 
tional stress (in the same direction as 
those induced by welding). It becomes 
necessary for the designer to consider, 
therefore, where stresses induced by 
cold-work or by welding will be located, 


so that they may be distributed as uni- 
formly as possible throughout the 
structure. 


S.A.E. X4130 has the property of 
being white-short. It has extremely low 
strength at a white heat, above 2,000 
deg. F. In general, care during the 
welding operation to avoid subjecting 
the white-hot metal to undue tension 
stress is sufficient. Frequently, how- 
ever, the designer can avoid specifying 
a condition in which this property may 
become important. A small assembly 
with numerous welds in several direc- 
tions, for instance, places a considerable 
burden on the welding shop to avoid 
distortion and locked-up stresses, as 
well as avoiding stress on any section 
that happens to be at a white heat. 


It was pointed out under the subject 
of locked-up stresses that the stresses 
locked-up in the weld do not cause 
particular difficulty provided there has 
not been an impairment of ductility. 
When a weld is made in cold tubing 
and the welding is performed too 
rapidly, the quenching effect of the cold 
metal in an air-hardening steel like 
X4130 may create a less ductile zone 
along the edge of the weld. The elimi- 
nation of this, however, is definitely a 
function of the welding shop and not of 
the design department. 


Somewhat the same situation exists 
regarding annealing as has just been 
described for air-hardening. A zone 
adjacent to the weld is heated below 
the critical point and then cooled, and 
naturally a certain amount of annealing 
takes place. This, however, is not seri- 
ous and specifications for design take 
it into consideration. 

In general, the factors which have 
been discussed are mutual problems of 
the design and the production depart- 
ments. It is important, therefore, that 
the designer be acquainted with the 


welding problems in order that he may 
avoid them wherever a slight change in 
design is sufficient. 


2. Selection and Inspection ot Materials. 

This includes base metal, welding 
rods, gases and apparatus. The affi- 
davits of reputable manufacturers are 
acceptable for the first three items. 
Periodic inspection of apparatus should 
be performed. 

Make it easy for the welding operator 
to get new blowpipe tips. The use 
of a bad tip may spoil the weld. More 
trouble from tips is experienced with 
bad welding technique. 


Will Give Desired Results 

It is here and in part 4 that a greater 
amount of effort should be expended. 
All too frequently the establishment of 
a procedure is left up to the welding 
foreman or a man who is considered a 
"good welder." When the welding has 
been completed, it is visually examined, 
checked for measurement, and usually 
tested by Magnaflux. From these points 
it is assumed that the part is what the 
designer expected. 

In those shops in which a procedure 
control is used and which, consequently, 
are getting consistently good results, 
the line of attack is somewhat different. 
A conference is held over each new 
design. Estimates of the amount of 
allowance for expansion and contraction 
are made, the direction of welding is 
decided upon, as well as the starting 
and stopping points. 

The parts entering the design arc 
then prepared carefully to give a close 
fit, and welds are made in accordance 
with the plan. If the distortion is then 
within allowable limits the part is ready 
for testing. If the distortion is too 
great, the welding sequence is restudied 
and a new part welded. 

Testing is done by more than just the 
Magnaflux process. The part is sub- 
(Turn to page 144) 
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T HIS is no lime to waste time!” is a theme 
recently adopted by the Air Transport Asso- 
ciation to impress on the public the time-saving 
importance of flying. And who can tell for how 
long speed — of transport and production — may 
be vital to America's stake in civilization? 

Fortunately, United States air lines are today 
the best in the world. They have made great 
strides in speed, safety and comfort. Air line 
passenger traffic has increased 300% in five 
years— totalling 2,727,820 in 1940. And, 
since 1929. fares per mile have been cut 
in half. 

Defense, to which the air lines have con- 
tributed greatly, has necessarily slowed 
the progress of air transport. Neverthe- 


less, planes are now in development which will 
carry more than 60 passengers each, and cruise 
with unprecedented fuel economy at speeds of 
approximately 300 miles per hour. They will fly 
regular schedules of 8/2 hours between Los 
Angeles and New York. 

"These planes," says President Jack Frye of 
TWA, "will give the United States leadership 
for years to come in air transport equipment. 
And lower costs, plus increasing demand 
for time-saving travel speed, will mean 
continued substantial development for 
the industry.” 

Ambitious, technically trained men will 
be needed, more than ever, for the opera- 
and maintenance of the air lines. 
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New Runways By Soil-Cement 

Needing an airport in a hurry, Brewster Aeronautical 
becomes a "guinea pig" in a new construction method. 







The soil-cement runways, instead of 
hardening as ordinary concrete, had to 
undergo a special process, compaction, 
by use of a “sheeps foot’’ roller which 
packed the mixture from the bottom up 
to the surface. If ordinary rollers had 
been used, only the first inch or two 
would have been pressed hard, leaving 
the subsoil unpacked. This would even- 
tually settle, causing the runway to 
crack and break. The "sheeps foot” 
roller is equipped with closely spaced 

at first penetrate deeply into the mix- 

ally building up the compressed surface 
until only about an inch of loose mulch 
remains. This, when scraped by a 
patrol grader, is rolled by a power roller 

pneumatic rollers designed especially 

Upon hardening, the surfaces of the 
runways appear like concrete and ap- 

must be protected by some means as 
they tend to crumble, and this Brewster 
did with cinders which were rolled even 
with the surface of the runway. It was 
also considered advisable to install 
drainage pipes along the entire length of 
each runway to guard against unusual 
precipitation and sudden thaws. 

Thus it was that almost three months 
to the day from the time construction 
was first begun, the three runways for 
Brewster Aeronautical’s new airport 
were completed, and the anticipated sav- 
ing in money as well as in time had been 
entirely realized. Both airport and 
factory will be ready together, so that 
when the first dive bomber comes off 
the assembly line this fall, there will be 
an airport ready for its testing. 




BONNEY 15° Angle Box Wrenches 


B ONNEY 15° Angle Box Wrenches are the 
answer to many nut turning jobs in close 
quarters where overhead clearance is limited. 
Because oF their design either side oF the head may 
be applied to the job at hand. 

Drop Forged oF Bonaloy Steel, carefully heat 
treated to bring out the ultimate strength oF the 
steel, they have long, thin, oval-shaped handles 
allowing extreme leverage and affording a Firm, 
comfortable grip. 

They are made in two types as shown, with 24 
different combinations of double hexagon openings 
from to 1%“ — a different size opening in 
each end. Openings are clean and accurately 


BONNEY FORGE (r TOOL WORKS, Allentown, Pa. 

Export Office — 38 Pearl Street, New York, N. Y. — In Canada — Gray-Bonney Tool Co., Ltd., Toronto 

Stocked by Leading Jobbers Everywhere 



broached and take a firm, positive grip on the nut 
or bolt. They have a lasting, rust-resistant finish. 

Bonney Box Wrenches are also available with 
both ends offset, with one end offset, heavy duty, 
single head and extra-small types. Whether for 
production line or mainten- 
ance work there's a size and 
type of Bonney Box Wrench 
to take care of practically 
every need for tools of this 
type. 

Your local jobber carries 
Bonney Box Wrenches in 
stock and will be glad to 
take care of your needs. 
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Position Fixes 
By DIF Bearings 

What every pilot should know about "fixes" 
and the proper use of the D/F Loop 

By C. H. McIntosh 

Instructor in Charge, Chicago Pilot Training School, American Airlines, Inc, 


This concludes a series ol three articles by 
Mr. McIntosh dealing with various problems 

printed in the July, 1941 issue and the 
appeared in the September issue ol AVIA- 


S TATED simply, a position “fix” as 
applied to aircraft consists of deter- 
mining the position on the earth’s sur- 
face above which the aircraft is flying 
at a specified time. Determination of 
such a fix, of course, may be accom- 
plished by any one of several means 
other than radio bearings — such as by 
visual reference of ground objects, radio 
markers, intersections of radio beams or 
celestial lines of position. Likewise, 


definition of the position may be by any 
one of several means of reference — such 
as over a prominent landmark, by direc- 
tion and distance from any easily speci- 
fied place on the earth’s surface, a recog- 
nized radio beam intersection, or latitude 
and longitude. By whatever means deter- 
mined or defined, however, any fix de- 
notes a definite geographic spot readily 
located on a suitable chart representing 
the earth’s surface. 

It will be apparent, then, that the 
fundamental prerequisite for obtaining 
a fix by radio (or other means) is suf- 
ficient information to locate the airplane 
in relation to the earth’s surface. With 
standard receiving equipment (nondi- 
rective antenna) for radio range flying, 
this means a radio fix is possible only at 
the intersection of two beams, over a 
cone of silence, or low frequency "M” 


type marker. An ultra-high frequency 
marker receiver, of course, increases the 
fix possibilities by enabling use of the 
great number of fan and approach 
markers now in operation. Even so, it 
should be readily apparent that the in- 
flexibility of the radio range system 
severely limits tile availability of radio 
position fixes when only a non-directive 
receiving antenna is used. 

The rotable direction finding loop pro- 
vides the ideal means of obtaining a 
radio fix. Though its accuracy in this 
respect is not so good when mounted in 
an airplane as when on the ground, the 
flexibility of the aircraft loop, plus the 
fact that it is available for other pur- 
poses, outweighs this drawback. With 
the direction finder a pilot or navigator 
can at any time and from any position 
obtain a directional bearing on any radio 
transmitter which the receiver will pick 
up. Thus by a proper use of such bear- 
ings on one or more stations, the possi- 
bility of obtaining a fix is always 

The direction finder offers two general 
methods for obtaining a fix. The first, 
for want of a better name, is termed an 
instantaneous fix. By this method bear- 
ings are taken on two or more radio 
stations as rapidly as possible. These arc 
then converted from relative to geo- 
graphic bearings for plotting on the 
chart. The intersection of two or more 
lines of bearing denotes the position. 

The second general method of obtain- 
ing a fix with the direction finder is 
termed a running fix. In practice this is 
done by taking two or more bearings 
on either one station or two stations with 
a time interval elapsing between bear- 
ings. If only one station is used the 
angular change of bearing which takes 
place as the airplane moves in relation 
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PROTECT YOUR 

Resistance Welders 
against 

Electrical Shutdowns 


Circuit breakers on your resistance- 
welding machines prevent iost time and 
motion hunting for blown fuses and 
replacing them. Specially designed for 
resistance welding, G-E circuit breakers 
give you full interrupting capacity, permit 
large during-weld currents, and protect 
both equipment and operator. 

Easily installed where most convenient, 
these dustproof, two-pole breakers can 
be put on the wall or the machine. The 
new enclosing case and mounting simplify 
inspection and adjustment. Learn how 
your production and profits can be pro- 
tected and improved by these breakers. 
We shall be glad to give you complete 
information. Ask your G-E office for 

bulletins GEA-3600 and GEA-2997, or 
write General Electric, Schenectady, 
New York. 


showing arc quenchers and in- 


AIR CIRCUIT BREAKER 



Molding The 
Langley Airplane 

By Randolph Hawthorne, Aviation Magazine 


"■ OOKIT the idjits, buildin’ wood 
L around an engine !” 

Such was the scornful comment fre- 
quently met with by the builders of the 
new molded plastic plywood plane 
whose sleek, mirror-likc mahogany 
beauty was recently revealed at Roose- 
velt Field, Long Island. 

Despite the marked incredulity of 
certain aeronautical opinion, used to 
conventional aircraft materials, engi- 
neer Arthur F. Draper, former Navy 
pilot, and designer Martin Jensen, 
backed by Caleb S. Bragg, president, 
Langley Aviation Corp., Port Washing- 
ton, L. I., remained unshaken in their 
confidence born of exhaustive testing 
and developing. Indeed, so great is 


their confidence that they would have 
installed plywood firewalls as well as 
plywood cowling, had CAA regulations 
permitted. The rules, however, specify 
metal, even though both stainless steel 
and aluminum alloy are demonstrably 
less resistant to fire than the Langley 
plastic bonded plywood. 

The Langley plane, named for Samuel 
Pierpont Langley, pioneer American 
airman, is a low wing four-place cabin 
model powered with two 65 lip. Frank- 
lins which give it a top speed of 142 
m.p.h., fully loaded with four passengers 
and 40 gallons of fuel. Only 200 ft. of 
runway is necessary for take-off, and 
with full load the plane climbs at the 
rate of 644 ft. per minute, cruises at 


125 m.p.h., has a service ceiling of 
15,000 ft., and lands at 46 m.p.h. Range 
is 600 miles. 

With a wing span of 35 ft. and length 
of 20 ft. 6 in., gross weight is 2300 lb. 
and weight empty 1410 lb. The ship 
lias been stressed for 90 hp. engines 
which will increase performance. The 
higher powered model, now building, 
will have a maximum speed of 165 
m.p.h. and a cruising speed of 148 
m.p.h., climbing at the rate of 1130 ft. 
per minute, and having a service ceil- 
ing of 18,500 ft. Weights will be 1560 
lb. empty, and 2450 lb. loaded. 

A versatile airplane, the Langley may 
be used for military training, or light 
bombing (the builders claim it could 
carry a bomb load of 1000 lb.), or for 
private flying. Because of the low cost 
of materials and a less expensive labor 
factor, the Langley airplane is expected 
to be very moderate in price. 

It was largely with this object, that 
of producing a plane of good perform- 
ance at low cost, and without running 
afoul of strategic materials placed on 
the priorities list, that the Langley 
builders set themselves to construct a 
plastic bonded plywood airplane. 

After surveying all existing methods 
of plywood aircraft production, it was 
decided that the Vidal process offered 
the most possibilities — with modifica- 
tions — and the rights to this method 
were therefore purchased. 

The design for the twin-engined 
model was developed from a previous 
single-engined plane built by Martin 
Jensen in Charleston. This plane, how- 
ever, employed nails to fasten the skin 
to the frame; a method not used on the 
Langley. 

In choosing a plastic it was neces- 
sary to have one that could endure 
safely every conceivable temperature to 
which a plane might be subjected in 





operation. It was found, after extensive 
tests, that the vinyl resins were the 
most suitable of known plastics for a 
temperature range of from — 40 deg. F. 
to +160 deg., which is the range of 
endurance required by the Langley 
builders. The resin begins to flow at 
200 deg., but it is unlikely such a 
temperature would be encountered in 
aircraft operations. The vinyls also 
will not support fungus or bacterial 
growth, are impervious to corrosion by 
acids, alkalis, gasoline and salt water, 
within the temperature range specified, 
and will resist fire. The vinyls, in fact, 
are among the most inert of substances, 
according to Mr. Draper. 

In producing the Langley plane, the 
biggest problem faced by the builders 
was to overcome warping. Bent ply- 
wood will ultimately crack — first small 
cracks appear as if the paint alone was 
defective, but which, when removed, 
reveals the wood itself to be splitting 
from internal stresses. This problem 
was overcome by molding all parts used 
in the Langley airplane. Nothing was 


flat-pressed. And in molding the various 
structures, fluid pressure was applied 
which gave equal pressure in all 
directions. 

After testing 50 or more resins, four 
were used in the present model. 
Although thermoplastic resins are pre- 
ferred because of their greater tensile 
strength and greater reliability, some 
thermosetting phenols were used where 
necessary in final assembly. 

Materials in Construction 

The veneer material selected was 
“Honduras mahogany," which is the 
trade name for a certain type of 
mahogany found in Central America. 
This wood possessed the required 
strength to resist without crushing the 


ing gear is fixed in this plane, although 

surfaces are not cracks, but the reflection 
of the divisions in the concrete. 


molding pressures used in the Langley 
method. Most domestic woods currently 
used in plywood construction, such as 
spruce, will not stand up to these 
pressures, although the company be- 
lieves it has found one domestic tree 
whose fibers will not break down. 

The veneer was all “flat-cut" 
mahogany; no “rotary-cut” wood being 
used. That is, the sheets were cut 
lengthwise along the timber, not around 
the circumference of the log. Thick- 
nesses of the veneers range from 1/64 
in. to 1/8 in. 

In building the first Langley airplane, 
approximately 5000 sq. ft. of mahogany 
veneer and 60 gal. of plastic were used. 

The resins employed were primarily 
the vinyls and phenols, which are 
received in solution — between 15 and 20 
percent solids dissolved in alcohol. The 
vinyl resins, as mentioned previously, 
were chosen because they so far have 
been found best to endure the required 
temperature range of — 40 deg. to 
+ 160 deg. F. 

(.Turn to page 154) 
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ENGINES 


FREE LITERATURE: Wc shall be glad to send you illustrated, 
descriptive literature on any of the above Lycoming engines. Please 


LYCOMING 


50 to 300 H. P 


,, u Lycoming engines “keep ’em flying!” These 
dependable champions of the air have for 
years powered the training planes of the U. S. 
armed forces. Their smooth, quiet operation 
and unusual economy have likewise made Lycoming 
engines first choice among the light planes used in the 
Civilian Pilot Training Program. 

Now, with reliable power for America's aircraft in 
greater demand than ever before, these “stars of the 
skyways” are offered in military and civilian trainers or 
in private and commercial planes in nine different power 
classifications ... all the way from 50 to 300 horsepower. 

Specify Lycoming in the plane you buy or fly . . . for 
time-proved dependability, smoothness and economy! 


FOR MILITARY AND CIVILIAN TRAINERS ★ FOR PRIVATE AND COMMERCIAL PLANES 
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Better Service 



From Aircraft Cable 


Control cable problems which are presented most fre- 
quently by aircraft engineers are discussed in this article. 

By R. F. Kolde District Sales Engineer, Aircraft Department 
American Chain and Cable Co., Inc. 




T HE Ancient Romans — over 2,400 
years ago — used cable and under- 
stood the elements of cable construc- 
tion. That’s how far back the basis 
for the design of modern aircraft cable 
extends. The earliest cables, as testified 
by a IS ft. length of 1-in. diameter 
bronze rope now in the Musio Bar- 
bonico at Naples, consisted of hand 
beaten bronze wires twisted together by 
hand. Today aircraft cable wire is 
machine-drawn to a tolerance of .0005- 
in. and a tensile strength of approxi- 
mately 320,000 lb. per square inch which 
is scientifically stranded and closed to 
a finished cable. But the basic idea of 
producing a flexible, yet strong, con- 
nector has not changed. 

This conception seems so funda- 
mental, so utterly simple, that many 
aircraft engineers give little or no 
thought to cable design and construc- 
tion. Consequently, control cables com- 
prising the important nerve system of 
a plane are not always given an op- 
portunity to perform to their maximum 
capacity. 

Often one or more special elements 
of a cable control system, usually be- 
cause of cramped space, is designed 
with sheave pitch diameters much too 
small for optimum cable life. The re- 
sult is invariably early fatigue failures 
necessitating frequent replacements with 
resultant insecurity. It cannot be over- 
emphasized that excessively small 
sheaves materially shorten cable life. 
The reason for this is apparent. A 
control cable larger than A-in. di- 
ameter is universally made in 7x19 con- 
struction consisting of 7 strands, each 
containing 19 individual wires, (See 
Fig. 1) while cables A-in. in di- 
ameter and smaller are stranded in 7x7 
construction. 

The wires are laid into a strand in 
a symmetrical cross-sectional pattern 
with an accurately controlled length of 
lay. (See Fig. 2.) The strands arc 


closed into the finished cable with a 
definite length of lay so that small 
spaces exist between adjacent strands. 

When cable is moved over a sheave, 
or vibrated, each strand and each wire 
in each strand moves relative to its 
neighbor to adjust itself to its new 
position. Thus a cable may be re- 
garded as a machine in itself with each 
component part — each wire — playing 
an important part in the resultant action 
of the cable as a unit. The relative 


motions of the individual wires, as a 
cable is moved over a sheave, as well 
as the various stresses in the wires and 
coefficients of friction between the wires, 
arc so complicated as to defy accurate 
mathematical solution. 

Observations, however, indicate that 
stresses set up in an operating cable 
increase tremendously as the diameter 
of the sheave over which it is operat- 
ing decreases. When cable under ten- 
sion is operated over excessively small 


. This leads to early cable failure. 
It is desirable that sheave diameters 
be maintained larger than an estab- 
l, known as the critical 


sheave diameter. 

Critical sheave diameters vary slightly 
depending upon various manufacturing 
practices, cable loads, etc., but in gen- 
eral, the critical sheave diameter for 
any cable is that tread diameter smaller 
than which the cable strands cannot 
adjust their position to the bend. For 
7x19 cable in sizes from 4-in. to A-in. 
inclusive, the critical sheave diameter 
may be set roughly at 12 cable di- 


Use of a sheave smaller in diameter 
than 12 cable diameters will result in 
marked decreased cable life. For in- 
stance, an AN-210-3A sheave, which 
has a tread diameter of 1.510-in., is 




grooved to accommodate a A-in. di- 
ameter cable. Although specifications 
do not recommend that this sheave be 
used with A-in. diameter cable, it is, 
nevertheless, used at times in special 
installations. Since this sheave diameter 
is only approximately eight times the 
cable diameter, it is below the critical 
sheave diameter and, therefore, early 
fatigue failure of the cable invariably 
results. Accurately controlled labora- 
tory tests indicate that, with this com- 
bination, cable failure as a result of 
wire bending fatigue actually occurs 
over 20 times faster than it would 
occur using a 3-in. diameter sheave 
under identical conditions. 

Referring to the curve in Fig. 3, it 
can be seen that a A-in. 7x19 cable 
used with a 1.5-in. diameter sheave ran 
approximately 20,000 reversals in a 
standard testing machine: whereas this 
cable used with a 3-in. diameter sheave 
such as an AN-210-4A ran approxi- 
mately 420,500 reversals before failure 
occurred. A still larger sheave would 
result in a further increase of cable 

Laboratory tests also prove conclu- 
sively that the relation of sheave groove 
radius to cable diameter is also of 
great importance in obtaining maximum 
cable life. A sheave groove radius 
equal to 4 of the actual cable diameter 
is ideal, as the cable is then afforded 
maximum support. A larger sheave 
groove radius allows the cable to flatten 
out on the sheave; while a smaller 
sheave groove radius pinches the cable. 
Both of these conditions lead to early 
cable failure as may be seen by refer- 
ring to the bars in Fig. 3, although 
this illustrates only the former condi- 

In considering sheave groove radii 
as well as sheave tread diameters, it 
should be recognized that maximum 
cable life is obtained when the cable 
is maintained as closely as possible to 
its original, symmetrical, circular cross- 

It might be well to point out that 
critical sheave diameter applies to rela- 
tively non-operating as well as to op- 
erating cables. For instance, parking 
brake cable assemblies, which frequently 
consist of an inverted “Y” arrange- 
ment of cable (See Fig. 4) with an 
equalizing sheave or saddle at the crotch, 
should not embody a sheave or saddle 
with a diameter smaller than 12 rope 
diameters. Even though the cable moves 
very little over the equalizer, vibration 
may be sufficient to cause early cable 
failure at this point. 

Cables operating over proper diame- 
ter sheaves, that is, sheaves larger than 
12 times the rope diameter, are, of 
course, also subject to failure from wire 
bending fatigue. However, this type of 
failure has been minimized in recent 
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years through the general use of Pre- 
formed cable. Preformed cable, orig- 
inally developed by the American Chain 
& Cable Co., proved to be an impor- 
tant factor in eliminating internal cable 
stresses. In preforming, the cable wires 
and strands are formed into the exact 
shape which they assume in the cable 
before being closed into a finished cable. 
Thus, no pent-up stresses are present 
to enlarge the stresses encountered in 


As a result. Preformed cable gives 
considerably longer operating service 
than does non-preformed cable. It fa- 
cilitates faster production by virtue of 
its inert strands, which eliminates the 
necessity for seizing when the cable is 
cut to length. It also permits the use 
of swaged-end terminals — this will be 
discussed later — which also speeds pro- 
duction. For these reasons, Preformed 
cable is being used exclusively by manu- 
facturers producing both Army and 
Navy planes. 



Fig. S 


Another fact overlooked at times by 
designers is that abrasion is second 
only to fatigue as a cause for early 
cable failure. It can readily be seen 
that the larger the diameter of the 

sistant it will be to abrasion. It might 
seem that to combat abrasive wear a 
cable with large outer wires such as 
a 7x7 construction (See Fig. 5) would 
be desirable. However, as the diameter 
of the outer wires in a given diameter 
of cable is increased, the number of 
outer wires must be reduced, and there- 
fore the cable flexibility is decreased 
and fatigue resistant properties are ma- 
terially decreased. 

Since practically all control cables 
are reeved through one or more pulleys. 


any increase in cable life which might 
be gained by increasing outer wire di- 
ameters and thereby increasing re- 
sistance to abrasion, would be lost 
through decreasing flexibility and 
thereby promoting early fatigue failures 
at the sheaves. 

All of these points and more were 
taken into consideration before the 7x19 
cable was adopted as standard. The 
7x19 cable represents the best construc- 
tion possible to resist the average abra- 
sive and bending conditions found on 
a plane. This does not mean that un- 
der special operating conditions other 
cable constructions might not give 
longer service. Indeed, many isolated 
installations have been made using cable 
constructions either more or less flex- 
ible than the 7x19 construction as the 
case demanded, and greatly increased 
cable life has resulted. This is par- 
ticularly exemplified in cable installa- 
tions aside from airplane controls, such 
as for hoisting slings, mooring pendants, 
haulage ropes, etc. In installations such 
as these, 7x7, 6x37 and 6x37 Inde- 
pendent Wire Rope Center (See Fig. 
6) are used very successfully to com- 
bat existing conditions. However, it 
is not considered practical by manu- 
facturers to design each cable installa- 
tion as a special case, and therefore 
the 7x19 construction in diameters from 
4-in. to A-in. inclusive is in genera] 
use for most all controls. 

Control cables are frequently required 
to make bends of only a few degrees to 
clear some obstruction, and too often 
fairleads, rather than sheaves, are in- 
stalled at these points. The result is 
relatively quick cable deterioration from 
abrasion of the cable outer wires. 

In many cases, it may not be con- 
sidered possible to install sheaves rather 
than fairleads when using 7x19 cable. 
In these cases, it should be borne in 
mind that, unless cable loads, cable 

ceptionally small, the cable is subjected 
to quick deterioration from abrasion. 
Likewise, unless the above conditions 
exist, the general run of fairlead ma- 
terials now in use will quickly wear 
through and require frequent replace- 

(Tum to page 170) 





£ M T D I C When you specify Hazard you specify safety— 
trol equipment. Hazard controls and fittings 


pendablc. They are made by the people whose entire business doctrine is contained in 
the phrase “In Business for Your Safety.” Available in cithcrl8/8stainlesssteel or in tinned 
or galvanized carbon steel. All Hazard aircraft cable is preformed. This is important for 
two reasons. First: it endows the cable with high resistance to fatigue. That makes it last 
longer. Second: Being preformed, you can use Hazard Tru-Loc Fittings— the swaged- 
on type that arc attached to the cables without heat or solder. Hazard Tru-Loc Fittings 
arc the most efficient cable terminals known. Every item of Hazard equipment is made in 
accordance with the latest Army and Navy specifications. For certain dependability— 
for safety of control operation— specify Hazard. 

HAZARD WIRE ROPE DIVISION • Established 1846 
WILKES-BARRE • PENNSYLVANIA 
AMERICAN CHAIN & CABLE COMPANY, INC. 

Aircraft Department: 230 Park Avenue, New York City • 2475 Porter St., Los Angeles 
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They Want To Help 

Small business men and shop owners are emerging from obscurity 
to offer their skill and machines at the National Defense Clinics. 


A WISPISH elderly gentleman wear- 
ing a frayed wing collar, black 
string tie and highly polished blue serge 
suit of antediluvian origin peered shyly 
over the half-moon lens of his battered 
spectacles as he approached the long ex- 
hibit table of a prime contractor at New 
York's recent defense clinic. In deli- 
cate, long-fingered hands he clutched a 
little package neatly done up with brown 
wrapping paper and old Christmas rib- 

No one looked a second time at the 
professorial little man as he scanned 
the bewildering array of gears, shafts, 
rings and other objects comprising those 
parts the nation’s largest manufacturer 
of precision instruments will gladly 
farm out to any subcontractors who can 
qualify. Unerringly, his glance carried 
down the long table until it reached a 
group of tiny shafts, plates and wheels 
of glistening steel. Carefully, he picked 
them up one by one, examining every 
detail. In diffident tones, he asked an 
attendant a few pertinent questions 
about the type of steel and functions 
of the parts. At this, the manufacturer’s 
representative snapped alert and learned 
that the questioner owned a small ma- 
chine shop in Jersey City. 

Painfully shy, the genteel machinist 
hesitantly volunteered: “I want to help 
— there is plenty of demand for my 
work, but we can do more and I think 
we can turn out pieces like these to 
close tolerances." 


Asked about samples of his work, he 
nervously untied his package and from 
the folds of soft tissue in a holly-decked 
cardboard box withdrew several preci- 
sion gages and small dies. They were 
of the hardest steel, machined and 
polished to mirror-smooth surfaces. The 

amined them. He ushered his “find” to 
a chair where a girl filled out forms 
concerning his equipment, floor space, 
personnel, etc., and made an appoint- 
ment for a company engineer to visit 
the shop and pave the way for actual 
contract negotiations. 

Next came a blithe-mannered in- 
dividual who asked the instrument peo- 
ple if they had need of any jellies, 
creams or similar compounds made up 


in quantities to their specifications. 
After reflection, the answer was “No.” 
It was explained that their lubricants 
were highly specialized oils and greases 
refined to highest specifications. The 
visitor wasn't interested in that but 
talked on and on about the wonderful 
compounds he could make. 

It was all very pleasant, but nobody 
got any place. This gentleman obviously 
wasn't interested in adapting the skills 
and facilities of his establishment to 
urgent defense needs, but simply wanted 
someone to hand him more orders for 
something he’d been making happily for 

This type of little businessman was 
the exception. Most of them indicated 
a ready willingness to learn new proc- 
esses and make new products within the 
limitations of their present and potential 
resources. A great many had the initia- 
tive and foresight to turn up at the 
clinic with mimeographed copies of 
statements itemizing articles they cur- 
rently produced or could make, along 
with complete descriptions of their ma- 
chinery and other facilities. This pro- 
cedure greatly simplifies the preliminary 
analyses of the prime contractor and 
saves considerable time for all con- 

A pair of roughly-dressed workmen 
approached an exhibit table, looked over 
a few machined castings and held a 
whispered consultation. Then the older, 
acting as spokesman, forthrightly de- 
clared: “We can make this kind-a stuff. 

When the company man learned from 
them the type, variety and capacity of 
their machine tools, he agreed that they 
could probably' do business together. 

Ftrsl National Clinic 

More than half dozen state and region 
clinics had been held previously in in- 
dustrial areas, but the New York clinic, 
held in conjunction with a National 
Defense Exposition for the public, was 
the first conducted on a national scale. 
Represented were 125 prime contractors 
from all parts of the country and 4,600 
subcontractors from 26 states. 

Army and Navy purchasing officials 
and OPM consultants also participated. 
It was estimated that more than 25,000 
interviews took place between the par- 


ticipants during the three-day session 
September 22-24. A careful survey by 
OPM officials revealed these contacts 
were expected to develop into actual 
contracts for 2,661 smaller firms — 
makers of toys, musical instruments, 
dental supplies, fishhooks, silverware 
and so on. 

At the end of the third day, a weary 
but generally happy crowd began pack- 
ing up blueprints, specifications, exhibits 
and carefully tabulated records of prom- 
ising potential subcontractors. Reactions 
were uniformly enthusiastic. An Army 
ordnance officer smilingly declared that 
his group had accomplished more in 
three days than normally would have 
been expected in six months. 

Here again was eloquent tribute to 
the efficacy of those voluntary processes 
which are uniquely those of democracy: 
proof of the value of such governmental 
efforts to stimulate "farming out" of 
defense production. 

Aviation Firms Successful 

Aviation manufacturers and suppliers 
comprised the largest single category 
at the clinic. While their problems are 
more difficult than most, the aviation 
concerns, on the whole, met with con- 
siderable success. Wright Aeronautical 
officials felt the clinic was well worth- 
while. The Glenn L. Martin Co. re- 
ported "pretty successful.” Sperry Gyro- 
scope Co. stole a march on most of the 
"primes" by showing up with seven 
men and a complete exhibit of parts it 
desired to subcontract These men were 
pleasant talkers, well informed on their 
requirements, and a stenographic as- 
sistant took over the purely mechanical 
work of making out forms and records. 

These latter points are extremely im- 
portant, because the advantages of such 
clinics are likely to be nullified in large 
degree if things are not made as simple 
and easy as possible for the encourage- 
ment of little businessmen and small 
operators, many of whom are easily 
mystified and discouraged by elaborate 

the endless "paper work" which is com- 
mon to big business and the govern- 

As evidenced by actual incidents at 
the clinic, graphic representation of the 
(Turn to page 178 ) 
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"SURE, WE CAN INCREASE PRODUCTION 
BY CHANGING OUR PLANT LAYOUT . . 



There are— No holes to bore! 

No bolts to set! 

No time misused! 

No floors to prepare! 


Let’s get started by inquiring of 

THE FELTERS CO., INC. 

2IO-K SOUTH STREET, BOSTON, MASSACHUSETTS 




WITHOUT BOLTING DOWN 


• This steel shear was installed on Fetters' 
Unisorb Cushion Machine Mountings economi- 
cally and quickly without the necessity of bolt- 
ing it down. The Unisorb also controlled the 
vibrations of the shear so that they were not 
transmitted to the surrounding neighborhood 
and thereby avoided threatened law-suits. 




ELTERS FELT FUNCTIONS 
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BEARINGS 



THE FEDERAL BEARINGS CO., INC. 


QUALITY ond PRECISION ball bearings are essential to 
the National Defense Program. The FEDERAL plant — 
working to capacity — is producing its full quota of 
fine ball bearings to meet the constantly increasing de- 
mands of the aircraft industry. 


' POUGHKEEPSIE, N. Y. 

Detroit Office: 2640 Book Tower • Cleveland Office: 402 Swetland Building 
Chicago Office: 902 S. Wabash Ave. • Los Angeles Office: 5410 Wilshire Blvd. 





Plated Aluminum 
In the Aircraft Industry 

Covering ol aluminum with nickel, chromium, cadmium, 
copper and brass offers new possibilities in aircraft work. 

By Raymond F. Yates, Wee President, Krome-Alume, Inc. 


F OR many years aluminum and its 
alloys stood as the unplatablc 
metals. They challenged the ingenuity 
of electrochemical engineers the world 
over and yet it was found practically 
impossible to plate any metal over 
aluminum except in a more or less pre- 
carious manner and with absolutely no 
assurances of continued adherence un- 
der conditions of stress, wear or or- 
dinary atmospheric attack. 

Aluminum was most difficult to plate 
for two reasons. First, it was what the 
electro-chemists call an electro-positive 
metal ; that is, it is carried at a high 
positive charge. Secondly, like mag- 
nesium, it oxidized freely and quickly, 
even upon exposure to air at normal 
pressures and temperatures. What was 
more, this oxide film that was so rapidly 
formed was a non-conductor of elec- 
tricity and a film even a few millionths 
of an inch in thickness would effectively 
prevent electro-deposition. 

Thus the first efforts to plate alu- 
minum were aimed at the elimination 
of this film. These efforts, however, 
were not successful and then an effort 
was made to etch the surface of the 
metal deeply, so that a form of mechani- 
cal adhesion could be established. Al- 
though some success was had with this 
method, it lent itself only to decora- 
tive purposes ami did not make electro- 
plated aluminum available for other 
purposes. 

The present process was developed 
early in the 1930s and it is predicated 
upon the establishment of an anodic 
film over the aluminum before it is 
plated. Normally this anodic film is not 
platable without further treatment. After 
the anodic film has been established, 
a quick modification of the film is made 
in either an alkaline or an acid solu- 
tion, and this renders the surface avail- 
able for plating in any one of the com- 
monly used plating solutions. After this 
treatment, which requires about ten 
minutes, aluminum can be treated just 
like any other metal; it can be plated 
with nickel, chromium, brass, copper, 
cadmium, zinc, or even gold, silver and 




rhodium. Nor is there any limit to the 
thickness of the film that may be de- 
posited. 

The equipment needed for this treat- 
ment of aluminum is simple and inex- 
pensive and it is estimated that alu- 
minum surfaces may be prepared for 
plating in any one of the common solu- 
tions at a cost of about a quarter of a 
cent per square foot. The electro- 
deposition of metals over these pre- 
pared surfaces proceeds normally and 
at the same rate of plating as on other 
metallic articles. 

Several very important uses for this 
process have already been found in the 
aeronautical field. At the present time, 
both the Army and Navy are using 
aluminum variable air condensers that 
have been fabricated by soldering made 
possible by the deposition of nickel. So 
effective is this process for plating 
aluminum that soldering temperatures 
arrived at with ordinary equipment and 
ordinary 50/50 solder can be easily with- 
stood and have absolutely no affect on 
the adherence of the plating. 

As a matter of fact, the application 
of heat is. believed to partially flux the 
aluminum and the nickel and to in- 
crease rather than decrease the adhesion 
of the metal. Several hundred thou- 
sand variable air condensers of this 
type are now being processed through 
the use of this method. 

Through the deposition of brass over 
aluminum and aluminum alloy surfaces, 
rubber adherence may be brought to a 
point where it is limited only by the 
mechanical strength of the rubber itself. 
Prior to the appearance of this method 
of plating aluminum, special cements 
had to be used in cases where rubber 
was to be attached to aluminum. Even 
the best of these cements could not en- 
dure a strength test that exceeded 700 
pounds to the square inch. In the case 
of brass-plated aluminum over which 
rubber has been molded and permitted 
to cure and age, tensile strength tests 
have come close to 4,000 p.s.i. at which 
point the rubber ruptured. 

( Turn lo page 146) 
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Engine Handling Dolly — Sturdy con- 



A Bomb Hoist that lifts 35 times Its 
weight— Used for military aviation service. 
Capacity 3500 pounds; weight 100 pounds. 



Here are 


i METAL WORKING 
• machines 


to Help You 

MAKE PLANES FASTER 


To save minutes— hours— days, Rotary Shears, Stamping 
Trimmers, Power Hammers, and Throatless Shears made by 
the Quickwork -Whiting Division of Whiting Corporation 
are widely used in plane production. 

Equally important to the aircraft industry is a long list of 
metal handling machines and equipment perfected through 
Whiting's fifty years of service. 

Whiting equipment and Whiting's versatile experience and 
extensive facilities for research and production are now avail- 
able to plane manufacturers, transport or fixed base opera- 
tors, through its Aviation Department. Here your problems 
will receive immediate attention. 

Whiting Corporation, 15623 Lathrop Ave. 

Harvey, Illinois (Chicago suburb) 

Los Angeles Address : 

6381 Hollywood Blvd., Los Angeles, Calif. 

Phone: Gladstone 9413 

AVIATION DEPARTMENT 

PRODUCTION AND MAINTENANCE 
EQUIPMENT for THE AVIATION INDUSTRY 

"AIRLINES ARE LIFELINES OF DEFENSE" 
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IN PRODUCTION ! 


Figures available for the first half of 1941 show: 


THE GREATEST DOLLAR VOLUME 
MORE 2-ENGINE AIRPLANES 


LOCKHEED produced the greatest dollar volume of 
planes in American aviation industry. 

LOCKHEED produced more two-engine aircraft than 
any other American manufacturer. ..Hudson Bombers 
...Lightning P-38 Interceptors and Transports. 


MORE CRAFTSMEN ON PAYROLL TODAY...Loekheed .ndVeg. employ more craft.. 

men than any other organization engaged in airplane 
construction. 


All the aircraft factories of America are working ’round the 
clock to meet the ever-increasing demands for more bombers, 
more transports and more fighters. And in this production, 
Lockheed leads the industry! 


Because Lockheed design is sound. ..so sound that stand- 
ard commercial airplanes like the Lockheed 14 Transport 
and the Lodestar become Hudson and Ventura Bombers 
without major structural changes . . . many bottlenecks of 


testing and retooling that have in the past hampered mass 
production have been by-passed. 

On these leadership-making designs, Lockheed aircrafts- 
men work in a streamlined-for-speed plant. ..a plant that 
has been designed for future as well as present production. 

Thus Lockheed has been able to establish leadership in 
production of aircraft that lead as well in stamina, perform- 
ance, reliability and public acceptance. 


LOOK TO 


FOR LEADERSHIP 



MALLORY Complete Contact Assemblies 
Often Solve Many Problems at Once ! 


Mallory’s activity in the production of 
complete contact assemblies has grown 
out of a natural demand which no one 
else was so well equipped to fulfill. Fre- 
quently, questions concerning the design 
of the contact member . . . the material to 
be used for proper tension and lowest 
resistance — the method of attaching the 
contact to the member ... as well as many 
similar questions have proven to he serious 
obstacles to complete electrical efficiency. 
It was natural then that Mallory with its 
broad experience in the electrical and 
physical characteristics of non-ferrous 
alloys . . . and with unlimited facilities for 


Do You Have the Mallory Contact Calalopi ' 


experimentation, design and research 
should be called upon to provide the 
answer to such questions with increas- 
ing frequency. 

Today . . . Mallory offers as a standard 
service . . . complete contact assemblies 
for every electrical operation. This may 
include anything from the permanent 
attachment of the contact points to your 
own contact members — or the complete 
specification, design and manufacture of 
assemblies. 

Ask your Mallory representative to give 
you the whole story. 



MallorY 




NON-FERROUS ALLOYS- ELECTRICAL CONTACTS 
POWDERED METAL ALLOYS 
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Non-Magnetic 
Instrument Plant 

For eliminating outside magnetic fields 
to speed aircraft instrument production. 



A N entirely lion-magnetic building 
has been added recently to the Kolls- 
man Aircraft Instrument Plant at Elm- 
hurst, the purpose of which was to give 
greater speed and accuracy in the 
assembly and calibration of aviation 
compasses by eliminating any outside 
magnetic fields. 

Obtaining these non-magnetic char- 
acteristics required the substitution of 
non-ferrous materials for the common 
materials usually employed. As the 
building was not too large, brick walls 
with huge cross beams were used. The 
first step, however, was to test the brick 
to make sure no ferrous materials went 
into their making. 

The use of wooden beams solved the 
problem of a substitute for the usual 
steel girders, but in place of the steel 
base plates ordinarily used, special cop- 
per plates were employed. 

All the pipes for the plumbing, heat- 
ing and sprinkler systems, as well as the 
electrical conduits, are of copper. And 
in place of the usual cast iron drain pipe, 
there is a terra-cotta pipe which re- 
quired special permission to use. 


In order to eliminate the possibility of 
the metal delivery trays used in the 
remainder of the plant being pushed 
into the non-magnetic building, connec- 
tion was purposely made to a separate 
level of the main building by means of 
a stair instead of the usual ramp. For 
moving material, a dumbwaiter, itself 
of non-magnetic materials, is used. 

Maintaining the non-magnetic char- 
acteristics depended not only oil the 
construction of the building but on its 
equipment also. Special benches, chairs, 
and other items of equipment had to be 
constructed of wood and composition 
board with copper screws and bolts in 
place of the metal chairs and benches 
used throughout the remainder of the 

In this building not only the standard 
aviation compasses, but the new di- 
rection indicators, as well, are quickly 
assembled and calibrated. The elimi- 
nation of the outside magnetic field with 
the consequent increased accuracy of 
calibration means more accurate com- 
passes when they have been installed in 
the airplanes. 


type Kollsman Direction Indicator. Accuracy 
to within one degree is required. 









USES 

Vickers 

HYRROMOTITE 

CONTROLS 


Here is further evidence of the fact that Vickers 
Hydromotive Controls are used on many of the 
most modern airplanes. The Airplane Division of 
the Curtiss-Wright Corporation uses Vickers 
Hydromotive equipment on both the new giant 
36-passenger Curtiss C-55 transport plane and 
the Curtiss SB2C-1 dive bomber for the U. S. Navy. 
Vickers Hydromotive Controls for aircraft do 
their job dependably, smoothly and accurately . . . 
no matter how severe the service. 


VICKERS Incorporated 

1462 HAKMAN llltll., DETHtllT, MICHIGAN 



ENGINEERS AND RUILOERS OF OIL HYDRAULIC. EQUIPMENT SINCE 1921 

0 1 Tiil'l i H 111— WTIWE 
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It’s really too bad nature didn’t 
equip flying fish with propellers. For 
getting into the air is really no prob- 
lem to them at all. They have the 
power to leap from the water at high 
speed, taxi along on their rapidly vi- 
brating tails for several yards and 
readily “take off.” But, lacking the 
meansof aerial propulsion, their flights 
can last but a few seconds. 

With man-made “flying fish,” how- 
ever, the situation is reversed. Once 
in the air, the seaplane leaves its most 
difficult problem behind. That’s the 
matter of getting several tons of plane, 
gasoline, passengers, mail and freight 
“onto the step” and eventually into 
the air. And the bigger and heavier 
the ship, the more power the engines 
must have to break the tremendous 


drag of the water on the hull. 

Thus much of the amazing devel- 
opment of the flying boat — as well 
as other aircraft — in recent years can 
be credited to improvements in en- 
gines and fuels. And it is to help in 
the continuation of this progress that 
Ethyl engineers cooperate with avia- 
tion engineers in a program of con- 
tinuous research. Already a fund of 
useful technical data has been devel- 
oped. Much of this information has 
already been applied. A great deal 
more will undoubtedly be of use in 
the future. All of it is 
important to aviation 
technologists who are 
seeking greater power 
for tomorrow’s greater 
planes. 



ETHYL GASOLINE CORPORATION, 


ufaclurer of anti-knock fluids used by oil companies to improve gasoline 



B EHIND the casting of a cylinder head 
for a Cyclone 9 lies a quarter of a 
century of painstaking foundry experi- 
ence. Patient experimentwith metals and 
sands has produced a technique for dis- 
sipating the roaring heat of explosions 
which create 1250 fifteen-ton power im- 
pulses a minute and make possible the 133 
horsepower produced by each cylinder. 

From the deft hands of master crafts- 
men have come moulding processes so 
expert that fins of metal as high as 2 , i" 


and as thin as .064" can be formed 
by pouring molten aluminum into or- 
dinary sand. These fins constitute the 
more than 15 square feet of surface that 
regulates the temperature of each cylin- 
der when Cyclones power the ships of 
commerce and defense. 
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RADIO 

Dialing the Air Waves with Craig Walsh 


Cloud Heights Measured in Daylight by Photoelectric Method 



The photoelectric method of measur- 
ing cloud heights at night has been in 
use for a number of years, but only re- 
cently has the method been adapted for 
use in daylight. Essentially, the day- 
light method is the same as the night- 
time method, but instead of using a 
steady light beam for projection to the 
under side of the cloud, a pulsating 
beam is used. The calculation of the 
cloud height involves only the solution 
of a right triangle with one side and 
an acute angle known. The light beam 
is projected vertically into the air and 
at some known distance away a photo- 
electric detector is located. The eleva- 
tion of the detector is varied until it 
points directly at a spot of light on the 
cloud and its angle of elevation noted. 
The cloud height is then the distance 
from the light projector to the detector 
multiplied by the tangent of the angle 
of elevation. 

The constant intensity light beam can- 
not be used in daylight because it is im- 
possible to locate the light spot on the 
cloud. If, however, a rapidly varying 
beam is used, a photoelectric detector 
can differentiate between the light spot 
on the cloud and the rest of the cloud 
surface. It should naturally contain in 
its amplifier circuit a filter tuned to 
the frequency of pulsation of the light 
beam. The operation of the daylight 
system is then as simple as the night- 

The lamp used for this measurement 
is the tiny 1000-watt mercury vapor 
lamp developed by General Electric for 
searchlights and television studios. The 
projector consists of the lamp located 
at the locus of a 24-inch parabolic mir- 
ror having a 10-inch focal length. The 
photoelectric detector consists of a 
vacuum phototube placed immediately 
behind a diaphragm with a slit opening 
3/25 by 11/16 inch located at the focus 
of an eight-inch plano-convex condens- 

The narrow beam from the 1000- 
watt lamp is projected into the sky 
at a frequency of 120 cycles per sec- 
ond and the rays scatter when they 
hit the cloud. This light scattering is 


detected by the photoelectric detector 
located at a known distance from the 

Dark overcast clouds at an elevation 
of 9000 feet have been readily detected 
during daylight by this method. For 
cumulus clouds illuminated by direct 
sunlight and having elevations up to 
4000 feet, the detection is positive. 

This appears to be another forward 
step in the progress of aeronautical sci- 
ence to harness weather and increase the 
safety of flying. 



Two-Way Radio for 
Airport Crash Trucks 

A new two-way radio unit for use on 
airport crash trucks, ambulances, fire 
trucks is now ready for delivery by 
Jefferson-Travis Radio Manufacturing 
Corp., 374 Second Ave., New York. 
It has been designed to draw a small 
amount of power from the truck’s bat- 
tery because this type of truck seldom 
makes long enough runs to fully re- 
charge the battery. This new unit, the 
model M-10. consists of a 10-watt crys- 
tal-controlled transmitter and a crystal- 
controlled receiver, both operating on 
one to four frequencies in the range 
between 2000 and 6000 kilocycles. Both 
loudspeaker and hand phone reception 


are provided. When the handset is 
used with an extension cord remote con- 
trol is possible through the use of the 
push-to-talk button. The entire unit, 
including transmitter, receiver, and 
power supply, is enclosed in one cabinet 
measuring 19 inches long, 9 inches high, 
and 8 inches deep. The total weight is 
28 pounds. The cabinet is designed so 
that it can be shock mounted in a num- 
ber of different positions, thus making 
its installation a simple matter. 

TWA Communication 
Range Doubled 

The range of radio telephone com- 
munication on TWA planes was in- 
creased from about 500 miles to 1200 
miles by the use of two newly assigned 
frequencies, i.c., 6510 and 10125 kilo- 
cycles. Previously, messages from 
planes more than 500 miles from the 
terminal ground station had to be re- 
layed through one or more stations. The 
airline is completing the installation of 
new Bendix two-way radio communica- 
tion equipment on its transports. These 
units will permit the use of the new 
frequencies merely by the addition of 
the proper crystals. The increased 
range of transmission is especially valu- 
able when a plane is flying off the regu- 
lar airlines. 



Jefferson-Travis model PTR-5 transmitter re- 
lion on airplanes for use during delivery 
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THE DELANEY 6 A 1 1 AY (SEALED SYSTEM) TYPE *0.P. 
is (he latest and best method for supplying pure healed air to the 
interior of aircralf. Eliminates all Carbon Monoxide and foul air risks. 

Steam generated by exhaust is used to heat the air. Special 
type of long-life boiler, simple, robust and safe. 



v*- ^ «■ . . . 

THE DELANEY GALLAY COOLING SYSTEM F. 
embodies improvements in construction which enable robust heal 
transfer elements in cupro-nickel, etc., to be employed instead ol 
delicate lubes which present difficulties with regard to soldering 
and are liable to corrosion. 

Zt.ZA. — / 

We are desirous of marketing our products in U.S.A. and enquiries are 
invited from responsible organisations whose technical representatives 
are invited to make contact with our London Works. 

Owing to war conditions bona fides of all enquiries must be verified. 
British and/or U.S.A. Government recommendations may be necessary. 


THOUSANDS 
of our 

CABIN HEATERS, 
RADIATORS and 
OIL COOLERS 

BRITISH AIRCRAFT 



DELANEY GALLAY LTD. 

VULCAN WORKS, CRICKLEW00D, LONDON. N.W.2. ENGLAND 






BALL BEARING 
DO’S AND DON’TS 
FOR MECHANICS 



"If yer gonna turn th' steam on 
everything, turn some on yer mug,” 
shouts Gus at Ab Plowhandle, our 
new mechanic from the sticks. Ab 
is washing down a ship's firewall , 
and steaming all the grease out of 
the control bearings. " That ain't no 
threshing machine you're workin’ 
on,” Gus reminds him . . . 

GUS SAYS "DON'T!" 

DON'T return new ball bear- 
ings to stock without putting 
them back in boxes or wrapping 
carefully . . . 

DON'T do a welding job next 
to a grease-packed ball bearing; 
your grease won't last . . . 


DON'T press a ball bearing into 
a housing by pressing or ham- 
mering on the inner ring. 




W/Jy hearings E ail 


Fourth of a series of instruction 
sheets published by The Fafnir 
Bearing Company, based on its ex- 
perience with the leaders of U. S. 

IF INSTALLED cleanly and properly, 
ball bearings will outwear most 
related parts. For example, ball bear- 
ings in control pulleys often out- 
wear the pulley bodies. 

STUDYING bearings that have 
failed, and finding out why, always 
brings us to one fact: Most bearing 
failures can be prevented by more 
care in bearing installations. 

FIRST CAUSE of bearing failure is 
letting dirt get in, or damaging bear- 
ing while pressing or staking it. 
SECOND COMMON cause of bear- 
ing failure is careless wash-down of 
parts, permitting wash solvent or 

engine control bearings. 
MIS-ALIGNMENT of rigid-type 
bearings at their installation kills 
many bearings young. 

OTHERS FAIL because of entrance 
of moisture, or high temperatures. 
FRICTION OXIDATION or "false 
brinnelling", caused by undue 
vibration, can wear balls and races 
of a bearing that is clean and well 
lubricated. 

DON'T BLAME the bearing if you 
have an application that causes con- 
tinual trouble. Let the Fafnir Air- 
craft Engineers check it and find the 
trouble. The Fafnir Bearing Co., 
Aircraft Div., New Britain, Conn. 
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BUYER'S LOG BOOK 


For tool and light snagging grinding, Hammond Machinery Builders, Inc., 1638 
Douglas Ave., Kalamazoo, Mich., have three new functionally streamlined 
grinders, the "OK" models 10, 12, and 14. Design of machines stresses over- 
size construction for all moving parts such as spindles and bearings. Stream- 
lined into base at top is a heavy duty motor-on-spindle for 10, 12 or 14 in. 
wheels, 1, 2 or 3 hp., having spindle speed of 1750 r.p.m., operating on 220 or 
440 v., 3 phase, 60 cycle a.c. Standard equipment includes motor with over- 
size ball bearings sealed against dust; push-button starter; heavy exhaust-type, 
semi-steel guards; adjustable spark deflectors and tool rests; tool tray and 
removable water pot. — Aviation, November, 1941. 





A new hydraulic vise, capable of developing pressures up to 5 tons between the 
jaws, has been introduced by Sladebaker Machine Co., 9 South Clinton St., Chi- 
cago, III. Designed to speed up small press and cutting operations, as well as 
ordinary vise work, the vise is operated entirely by foot control, thus freeing 
both hands for setting up and removing work. Unit needs no outside power, 
and is understood to have wide application on production lines, in tool rooms 
and for maintenance. The hydraulic fluid is carried by a steel tube from a 
pedal pump arrangement to a ram behind the back jaw. Stepping on one pedal 
moves the vise jaw to contact against work; second pedal applies pressure up 
to 5 tons, and a third releases jaw. Mounting horizontally on any type bench, 
as well as vertically on wall or post, vise may, in addition, be mounted on a 
portable stand as a movable, self-contained unit. Two sizes are available — 5 in. 
width between jaws and 7J4 in. width.— Aviation, November, 1941. 


Complete protection tor threaded aircraft tubing while in storage or transit is 
provided by the new Seal Plugs manufactured by Tubing Seal-Cap, Inc., Los 
Angeles, Calif. In addition to protecting threads these caps prevent dirt or 
moisture from entering the aircraft tubing and may be re-used repeatedly. 
Manufactured from light metal, provision is made for scaling after preliminary 
inspection, greatly reducing possibility of sabotage. Stocks are now available 
in a range of nine sizes to fit tubing of J in. to 1 in. size. — Aviation, November, 
1941. 


Surface Plate, cast in semi-steel and finished plane within .005 in., made by 
South Bend Tool & Die Co., 1900 S. Main St., South Bend, Ind„ offers seven 
specific support points for utmost flexibility in usefulness. Two sizes of 
adjustable blocks or legs (10 in. and 12 in.) provide possible working surface 
heights between 29 and 33 in. The blocks support threaded 1)4 in. screws, 
each topped with circular cap recessed to contain any of the projecting sup- 
port points on bottom of plate. A 12-pitch thread provides fine adjustment 
for floor irregularities. The ribbed under side of the plate is designed to pro- 
vide maximum strength without excessive weight. Weight of plate is 3 tons. 
— Aviation, November, 1941. 


A line of portable welding machines, with built-in transformers designed for 
suspension from monorails, has been announced by Progressive Welder Co.. 
3050 E. Outer Dr., Detroit, Mich., which are obtainable in a complete range 
of sizes from 35 to 400 kva. Possessing particular advantages in such applications 
as spot welding of large or heavy units requiring clearance from ground under 
welding arms; spot welding of parts on a conveyor; spot welding assemblies in 
several jigs in one department, requiring movement of welding equipment: 
pinch welding of spots not easily accessible with gun type welders because of 
throat limitations, and jobs which can be handled most effectively by unit 
suspended from swinging or traveling crane, the new welders are a cross 
between pedestal and gun welders. Arms are adjustable as to length and are 
rigidly supported in the housing. Gun is direct air operated with pressure 
cylinder, solenoid operating valve, and control circuit pressure switch. Elec- 
trode tips are water-cooled, and foot controls connect to circuit junction box on 
transformer by flexible cable. — Aviation, November, 1941. 
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• Auto-Lite Sterling manufactures a complete line 
of each for aircraft electrical primary, starting and 
high tension requirements, in addition to the famed 
Steelductor Ignition Cable, with seven-strand stain- 


steel conductor. 


Write for your copy of the Auto-Lite Sterling 
Aircraft Electrical Wire and Cable Catalog Page 
No. 791, and name of nearest distributor. 


THE ELECTRIC AUTO-LITE COMPANY 


WIRE DIVISION 


PORT HURON, MICHIGAN 


AVIATION 


j U. S. ARMY Specification Cable 
U. S. NAVY Specification Cable 


@ AUTO ' LITE Sterling 


WIRES AND CABLES 
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Ex.CelI.O thread grinder 



Multiproducts Bendix Dehydrator 


An automatic polishing machine for buffing aluminum aircraft engine pistons 
is a new development by Vdylite Corf., Detroit, Mich., which is said to have 
reduced production time by 97y£ percent in comparison with hand-buffing method 
on manually operated buffing lathe. Machine is said to buff sides and top of 
piston in 15 seconds, with only one operator to load and unload. Machine con- 
sists of an index table which indexes automatically. Twelve chucks hold pistons 
which rotate during buffing. The chucks are stationary during indexing period 
and during loading and unloading. Six buffing pedestals arranged around 
machine accommodate buffing wheels which are driven through “V” belt drive. 
Buffing pressure is adjustable by means of tension spring so that buff rides over 
work to provide uniform buffing pressure at all points. Wheels may be adjusted 
at any angle. Machine may be adapted to variety of circular parts merely by 
changing work holding chucks or 6xtures.— Aviation, November, 1941. 

"Cellophane” bags to contain aircraft parts should have wide application in 
the industry, especially in sub-contract parts. The Dobcckmun Co., Cleveland. 
Ohio, have recently completed a printed “Cellophane” bag for parts which per- 
mits easy writing with pencil or hand stamping. With these bags, quick identi- 
fication is afforded both by writing on the face and fact that part can be seen, 
and since bag is moisture-proof, protection from rust is assured. The com- 
pactness of the package, and because it accommodates itself to product in size, 
greatly reduces storage space required both for empty containers and for the 
finished product. This reduces size and weight of shipping containers. Also, 
by crimping top of bag with a set of heated jaws, bag becomes tamper-proof and 
cannot be opened without detection. — Aviation. November, 1941. 

A new line of power squaring shears having higher operating speed was 

recently announced by Niagara Machine & Tool Works, Northland Ave., Buf- 
falo, N. Y. Sheared edges can reliably be cut that are straight to within a 
very few thousandths of an inch of a straight line, it is said, without any special 
skill of the operator. Narrow strips, accurate to gage setting and parallel within 
close limits, are easily produced without camber or curl. Strips may be cut 
at rate of 75 per minute on 60 cycle current. Drive, including flywheel, gearing, 
clutch, eccentrics and connections, are wholly enclosed within machine and 
operate in bath of oil. A new detent device completely replaces customary 
friction brake and requires no adjustment or attention. Standard equipment 
includes a direct connected 3 phase, 60 cycle, 110 or 220-440 volt a.c., ball 
bearing, splash proof motor with magnetic starter, push-button control; pair 
of 4 cutting edge tool steel knives; adjustable scale inlaid at each end oi bed; 
side and bevel gages, etc. — Aviation, November, 1941. 

Automatic in operation, a new thread grinder for internally threaded work, 
known as Style 39A, has been brought out by Ex-Cell-0 Corf., 1200 Oakman 
Blvd., Detroit, Mich. It grinds threads up to 5 in. in length within a distance 
of 15J4 in. from work spindle nose. Maximum hole ground is 9J4 in. with a 
minimum of 1 in. Maximum swing is 10 in. Taper attachment is available that 
allows grinding up to a maximum of 4 in. in diameter per foot on the effective 
thread length. — Aviation. November, 1941. 

Synchronized to print and develop Ozalid sensitized materials in one continuous 
operation, the new Model C Whiteprint machine, recently placed on the market 
by Ocalid Products Div.. General Aniline & Film Corp., Johnson City, N. Y„ 
brings into the print making picture a medium priced, easy to operate machine 
that will produce prints at speeds up to 12} ft. per min. By its ability to use 
cut sheets as well as continuous yardage, the Model C will meet peak production 
demands. It accommodates materials up to 42 in. wide. An automatic device 
separates the sensitized material from the original which, after printing, 
is delivered to operator in a receiving tray. — Aviation, November. 1941. 

The Bendix Dehydrator, for use in aircraft to prevent the entrance of moisture 
into the streamlined housing of loop antenna used with Bendix Automatic Radio 
Direction Finding Equipment, is made by Midtiproducts Tool Co., Newark, N. J., 
for Bendix Radio Corp., Baltimore, Md. Housing is treated and scaled so as 
to be nearly airtight. Hose connection between housing and Dehydrator Unit 
permits air to breathe freely in and out of housing as plane flies at different 
altitudes. The Dehydrator excludes moisture from this air. Without the Unit, 
moisture enters housing during breathing process and condenses because of 
temperature change with result that the housing actually collects water, dam- 
aging to delicate apparatus within. Cylinder is molded of transparent Lumarith 
with ends of black Lumarith. — Aviation, November, 1941. 
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New fiat-anchor type Speed Nuts have recently been made for blind mounting 
and flush-blind mounting assemblies by Tinnerman Products, Inc., 2070 Fulton 
Rd., Cleveland, Ohio. Said to weigh only 20 percent as much as conventional 
fastenings of similar fittings, these Speed Nuts are designed with a ball forma- 
tion surrounding the prongs of the nut sufficient to span the standard dimpling 
for counter-sunk flat head screws or bolts. Made of special molybdenum air- 
craft spring steel, they arc said to have remained tight under the severest 
vibration tests, have speedier application and result in drastic cost reduction. — 
Aviation, November, 1941. 


New welders' ground clamp, which eliminates ground clamp failure, said to be a 
feature of the adjustable Twistite C Clamps, is now being offered by Michigan 
Clamp Co., Box 243, Jackson, Mich. This clamp combines instant adjustment 
feature with spatter-proof treatment on the frame, pressure rod and swivel foot. 
The swivel foot turns on a ball bearing which assures a positive ground. The 
stationary foot, to which the ground cable is attached, is insulated from the 
frame, thus preventing the weakening of the frame by the heat of the heavy 
ampere welding current. A solder lug is provided to hold the welding cable.— 
Aviation, November, 1941. 

A flexible coupling which can serve as a connecting medium for oil lubricating 
lines, as well as being capable of transmitting torque, is added to the “Torflex" 
line by Harris Products Co., 5407 Commonwealth Ave., Detroit, Mich. The new 
type “D” coupling can be “run-up" without special tools and special shaft 
preparation is not needed. Couplings can be used as replacements irrespective 
of the type of preparation used on shafting for old coupling. It is also said any 
shafting between in. and 5/16 in. inclusive can be handled by the new style, 
non-reversiblc type. Two metal caps and two rubber bushings are used in the 
coupling, but the spacer, which is required to keep the rubber bushings separated 
so that they will tighten onto shafting when caps are screwed together, consists 
of a nipple and two fiber washers instead of the double end all metal type. Torque 
capacities range up to 45 Ib./in. at recommended usages and will compensate 
for high parallel and angular misalignment depending on size of shafting. — 
Aviation, November, 1941. 


Complete power and control units for resistance welding are now available from 
Weltronic Corp., 2832 E, Grand Blvd., Detroit, Mich. Including, in one 
compact cabinet, contactors and firing relays, sequence timer, protecting fuses, 
limit switches, motor starter, low voltage transformer and relay, the complete 
power cabinet eliminates necessity for usual multiplicity of separate control 
units and all external inter-unit wiring, so that only simplest of wiring is needed 
to connect complete set of controls to machine. Units are available with wide 
variety of contactors, ranging up to 600 amp. capacity, wifh synchronous and 
non-synchronons types of timers of any standard or special Weltronic type. — 
Aviation, November, 1941. 


A portable fluorescent light, encased in a tube of transparent “Lucite" speeds 
night work on airplane assembly lines by providing proper illumination for con- 
fined and inaccessible areas. Manufactured by Del-Ray Products, South Pasa- 
dena, Calif., the light is doubly valuable where rushed assembly lines have 
moved outdoors. It gives dff spherical lighting, eliminating shadows in limited 
working areas, burning cool and emitting daylight-like illumination. “Lucite" 
was selected to enclose the fluorescent tube because of its good insulating prop- 
erties, light weight, durability and high light transmission. — Aviation, Novem- 
ber, 1941. 


Ideal for welding of all light gage metals that are weldable by electric arc, is 
the claim made by Hobart Brothers Co., Troy, Ohio, for their specially designed 
arc welder for aircraft construction, called “Aircraft Special”. Featuring 
the “quick, hot start” so necessary to success in welding light gage alloy 
tubular members, it also provides a lower range of welding current specified 
from 10 to 150 amperes at normal welding voltage. The “Aircraft Special” 
welds especially well with coated electrodes of 1/32 to 5/32 in. size, without 
burning through, and with steady progress along the seam due the “soft arc” 
that hangs on even under low current conditions. It is said to be ideal in 
welding X-4130 chrome moly steel on engine mounts. Dual control of current 
and open circuit voltage enable the operator to select exactly the right volt- 
ampere combination for each job. — Aviation, November, 1941. 



GAUGES GAUGING GAUGES 


cor, shown above. The comparator, for instance, can 
enlarge the image of a screw thread 100 times and has 
means for checking its pitch. With this equipment we 
could produce gauges. 

It wasn't long before the aircraft industry found out 
that we were making gauges, and the next thing we knew 

At present we arc almost swamped with orders for cyl- 
inder plug and ring gauges, thread plug and ring gauges. 

If your company is interested in any of our present 
touch with Yard. 


MECHANICAL LABORATORY 
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One of the largest hydraulic portable elevators ever built has been announced 
for the aircraft industry by Lyon-Raymoud Corji. (formerly the Lyon Iron 
Works). 839 Madison St.. Greene. N. Y. Designed for installing or removing 
engines on bombing planes, it has a capacity of 5000 lb. A removable platform 
(not shown in cut) is 6x" ft. and has a lowered height of 2 ft. and an elevation 
of 14 ft. An elevating boom, swinging 12 in. each side of center, is operated by 
a band chain through worm and gear. Lowered height of boom from floor to 
center of pin for chain falls is 9 ft. S'/i in.; elevation is 14 ft. Platform and 
boom are elevated by hydraulic hoist and 3 hp. motor driven hydraulic pump. 
Elevating and lowering controlled through Solenoid valve operated by "dead 
man” type controller. Speed of elevation is about 12 in. per min. — Aviation, 
November, 1941. 

An innovation in eye protection is the claim for I-Gards, just introduced by 
B. F. McDonald Co., 1248 So. Hope St., Los Angeles, Calif., which are said to 
combine the best features of spectacles and cup goggles with the disadvantages 
of neither. I-Gards are molded of clear plastic, and because there is no frame 
surrounding the lens, the device has no expensive parts which makes for an 
economical price. Although lack of side-pieces affords unrestricted wide angle 
vision, I-Gards are said to provide the same protection from obliquely flying 
objects that cup goggles afford. Because the light lenses fit snugly around the 
eyes, there is no pressure on the bridge of the nose or ears. I-Gards are non- 
shatterable, withstanding the standard drop test, and are made with clear or 
green "Vernalite'' lenses. — Aviation, November, 1941. 

A new heavy duty measuring and inspection instrument, designed especially 
to handle large and heavy precision work up to eight inches in diameter, was 
brought out recently by George Sclierr Co., 128 Lafayette St., New York, N. Y. 
Called the Heavy Duty Model 8 Comparitol, it has a 2yi in. diameter column, 
extremely heavy holder bracket to hold the measuring head, and a 4x4 in. . 
hardened steel, accurately lapped table to handle large work. Base is very 
rigid and sturdy with three-point contact to guarantee extreme stability. A 
simple patented knife-edge lever system is used in the mechanism. The Com- 
paritol is being used to check and inspect plug gages, bearings, pins, ball 
bearings and other parts, and may be obtained with scale reading to .0001 in. 
or to .00005 in. Instrument is said not to be affected by vibration and may 
be used under abnormal shop conditions. — Aviation, November, 1941. 

Flexible rubber boots used as dust and moisture sealing covers, corrosion resis- 
tant protecting caps, and other rubber parts requiring a uniform thin wall up 
to % in. thickness, are being produced from both rubber and neoprene by Auto- 
motive Rubber Co., 8601 Epworth Blvd., Detroit, Mich., by a process known 
as form-dipping. Most rubber parts designed with a uniform thin wall lend 
themselves more readily to this type of production than any other process, it 
is said. Experimental production parts can be made on inexpensive forms in 
various wall-thickness dimensions to determine which is most suitable. Pro- 
duction forms are comparatively inexpensive, running in most instances but a 
fraction of a steel mold. Parts having a maximum elasticity and flexibility, 
with tensiles up to 5,5flO lb./sq. in. are being produced by this process. — Avi- 
ation, November, 1941. 
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Two ol the worlds lusti-st lighting planes now in quantity 
production are the Army I hunderholt pursuit and the Navy 
Corsair fighter. » » » Like thousands of other combat 
and advanced training planes, these latest types will he 
equipped with Hamilton Standard Hydromatic propellers. 

HAMILTON STANDARD PROPELLERS 

ONE OF THE THREE DIVISIONS OF 

UNITED AIRCRAFT CORPORATION 

EAST HARTFORD, CONNECTICUT 
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tion of most present airline 
equipment at the end of this 
year. Thus, the expansion will 
be accomplished at maximum 
speed with types now in produc- 

It is known, however, that 
several new types are on the 
drawing boards. Most talked 
about is the DC-6, which is said 
to be somewhat larger than the 
DC-3, has two engines, and is 
a low wing type. Creditable 
reports are heard that high- 
wing planes are being designed, 
so as to give more space above 
the ground for larger propel- 
lers, to absorb the power of 
bigger engines. 

SPAB ruled that plane 
manufacturers may accept or- 
ders from commercial airlines 
for 156 DC-Ss; 20 four-engined 
DC-4s; and 52 Lockheed Lode- 
stars. This quota of new 
planes is equal to more than 
two-thirds of the airlines’ pres- 
ent total of 350 planes. Reas- 
ons for this generous increase 


VISITORS at New York's 
fense Exposition got a big 
from what they thought wa 
new Sperry bombsight, s 
above. Actually the Air ( 
got this out of the Wright 

vintage, and has little reli 
ship with today's sight. 


ft GAMES continue, this time In the Northeast. This is the 
it type of "Filter Board" in use in New York City by the 
Defense Command. 40,000 civilians watch for invading. 

urn passes on the information that is plotted on this board- 


THE GREAT MARTIN XPB2M-1, world's largest flying boat, will contin 
months. A few facts: 200 ft. wing span, weight 70 tons, four 2,000 hp 
would enable it to fly far into Europe and return to this country. Flight 


Wright engines, 


SPAB Gives Airlines 228 Planes in 18 Months 
Designed for Emergency Use by the Air Force 
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Save you 

TIME, TROUBLE 
and MONEY 
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EUGENE DIETZGEN CO. 


VARIATIONS IN QUALITY 
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PRIORITIES 

J4it J^eaderiltip Jirit 

► This is quite natural as leaders generally build more and 
consume greater quantities of materials. After a time, if raw 
materials cannot be kept flowing into receiving rooms, there 
is bound to be a change in production methods and material 
specifications. 

► For the past few weeks our engineering and production of 
light aircraft engines has been stream-lined to meet current 
control of material production and at the same time produce 
a better air-worthy product. 

► The policy of Continental Motors Corporation has always 
been to "Keep on building better." Therefore, it is utterly 
impossible to think of substituting inferior materials in order 
to maintain high production schedules. 



of planes due to this period of change 
ns in their orders to take what was avail- 


again on regular' p^u^n^Jdi^nd that Xery'en^ine 
part is the same high quality of material and workmanship 
that is responsible for making "Red Seal Engines" famous. 

Con tinental Motors Cor poration 

MUSKEGON, MICHIGAN 
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How BAKER TRUCKS help Curtiss-Wright 
/.build for National Defense” 



Canada: Railway and Power Engineering Corporation, Ltd. 


To achieve peak efficiency in its huge plants, 
Curtiss-Wright uses fleets of Baker Trucks for a 
wide variety of handling operations. A few of these are 
illustrated here . . . Mechanization of material handling is 
making it possible for hundreds of plants producing vital 
war equipment greatly to increase plant capacity with- 
out adding to floor space or man-power. Baker Trucks 
are thus playing a vital role in the Defense Program. 


BAKER INDUSTRIAL TRUCK DIVISION 

of the Baker-Raulang Company 

2182 WEST 25th STREET • • CLEVELAND, OHIO 



W HAT do you do about motor tires? 

You can't hit them with portable 
extinguishers. You can't ignore them. 

If you're prepared, you can kill them 
in 3 or 4 seconds/ 

A slender metal ring holds the an- 
swer. At the touch of a control it blasts 
out a cloud of fire-smothering carbon 
dioxide snow-and-gas. Flame and fire 
choke to death. That's how a LUX ex- 
tinguishing system snuffs out motor 
blazes. 

Airliners and fighting planes have, 
for years, carried a small cylinder full 
of compressed LUX gas harnessed to 
the protective ring in engine 
compartments. Onmulti-engined 
planes a directional valve turns 
the LUX discharge into any mo- 
tor which is in distress. LUX 
Flame Detectors give the alarm. 

Do you know the full facts on 
LUX built-in protection against 
fire? Send today for your free 
copy of "White Magic. 

AIM... =— — 

SHOOT... KILL THE FIRE! 


' Walter Kidde & Company, Inc., 1122 West street, Bloomfield, N.J. 
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RICHARD S. SOU- 
TELLE (above), assis- 


Galligan, is named act- 
ing general manager of 
Fairchild Aircraft Div., 
Hagerstown. He had 
been with the Air Corps 
and CAA previously. 


Recently nominated by 
the President as major 
general, FRANK P. 


Coast Air Corps Train- 
ing Center. Headquart- 
ers Randolph Field, Tex. 


. TRIPPE, president 
’ Pan American Air- 
ays, for the “develop- 


operation of 
air transport.” 


CAA’s Assistant Direc- 
tor of Pilot Training, 
MAJOR JOHN P. MOR- 
RIS (above), is made 
director following resig- 

takes over Major Mor- 


mer Naval pilot and for 
a number of years with 
Douglas and Lockheed, 
has been made hydrau- 

Adel Precision Prod- 
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• Yet even New Departure, with its vast resources can hardly make them fast 
enough to supply the pivots of pointers on aircraft instruments. From these tiny 
“jewels” to the mighty 30-pound bearings for mas- 
sive military units. New Departure’s day-and-night 
effort is for Democracy’s defense. 

New Departure, Division of General Motors, 

Bristol, Conn. Detroit, Chicago and San Francisco. 
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Partnership of Propertle 
valuable in Republic £.ancer production 


j^JANY small parts for the Repub- 


made from Sy»- 


The light weight of Synthane 
(Density approx. .05 lbs. per cu. in.) 
is, of course, highly desirable. But 
what makes Synthane valuable to 
Republic and other manufacturers 
is light weight plus a partnership of 


and imperative now is I 
machining Synthane accu 
sheets, rods and tubes. 


SYNTHANE CORPORATION, OAKS, PENNA. 




SYNTHANE 

TECHNICAL PLASTICS 


SyivitTamJ 











OPERATORS CORNER 






OEfEN 55 


w f « w " “ “ 

„»=<> v “k 

*ot help' 

, , h , lopph..! 

r^-pp— 1 

from production , 


, ry AUison-p° 

g „i.h«d W * 

lh. P«*’ re b 

««. »• W® ‘ 
,„d im* nw 1 ' 

i0 *. .«”> 

But Ihat's nc 

advanced »>< 



Recent Books 

Flying Fleets. A Graphic History of 
U. S. Naval Aviation. By S. Paul 
Jolinslon. 188 pp.. illus. Duel), Sloan 
4 Pearce, New York, N. Y., $3.00. 

With world situations changing 
hourly, with so much that is new de- 
veloping so swiftly, one must read 
quickly, and in ever-increasing amounts. 
This has necessitated an entirely new 
type of literature and one of its best 
exponents is S. Paul Johnston. His 
method of clear, terse presentation, 
shorn of superfluities, accompanied by 
sketches and photographs, would of it- 
self be a recommendation. But back 
of the Johnston style is thoroughness 
and authoritative knowledge. Which is 
why we tell you not to miss his first 
book, "Horizons Unlimited”, his new 
book “Flying Fleets", and his forthcom- 
ing book "Flying Fortresses.” Flying 
Fleets treats of our Naval Aviation, not 
in detail, but graphically. He tells 
what is essential to maintain our pro- 
tective ocean "fences". His inimitable 
grease-pencil sketches, seemingly jotted 
down, show clearly the job of our fly- 
ing fleets and the organization pattern 
for the fleets. A portion of the text 
describes the types of naval aircraft 
and is broken down with one page de- 
voted to each basic type, so indicated 
at the top of the page, which makes a 
handy reference. The history of the 
flying fleet is brief but all-inclusive, 
covered from all angles. The splendid 
collection of photographs, embracing 
every type of naval aircraft from Glenn 
Curtiss' box-kite of 1911 to the latest 
dive bomber, is broken down into 
groups of lighlcr-than-air, hcavier-than- 
air, catapults, carriers, trainers and 
training, parachutes, and manufaclur- 

Jolmston’s summation that "Naval 
aviation today stands ready to do its 
part in any emergency that confronts 
the nation. Our fleets that fly stand 
shoulder to shoulder with the fleets 
afloat in the defense of America” is 
borne out by his book, and should corn- 
tort those concerned about the defenses 
of our country. S. Paul Johnston is a 
Lieutenant Commander in the Naval 
Reserve, co-author of the “Aviation 
Handbook”, former editor of Aviation, 
and is now Coordinator of Research for 
the National Advisory Committee for 
Aeronautics. He knows whereof he 

Are You Fit to Be a Pilot! By Dr. 
Ermin L. Ray and Stanley Washburn. 
Jr. Published by Wilfred Funk, New 
York. 61 pages, $1.75. 

Here is an ingenious book which 
will interest a lot of people, both in 


and out of aviation. Dr, Ray is both 
a pilot and a Flight Surgeon. He has 
gone through the Army school for 
Flight Surgeons and has been stationed 
at Wright Field. Thus his material 
is authentic. In this book, written with 
Stanley Washburn of American Air- 
lines, is presented in simple, interesting 
form, 12 tests for judging if one can 
pass a physical examination for a pilot's 

Dr. Ray states that thousands of peo- 
ple never try to take up flight instruc- 
tion because they think only supermen 
can pass the tests. This book was 
written to prove that nearly everyone 
can pass the tests. The various chap- 
ters are filled with clever charts for the 
reader to use. We recommend the 
book for all schools and airports, as well 
as for all persons who want to fly but 

Handbook of Sleeve Bearings. By 
Albert B. Willi. Published by Federal- 
Mogul Corp., Detroit. 218 pages. 

The author is Chief Engineer of the 
Federal-Mogul Corp. and his book was 
written to be a ‘practical guide for the 
engineer, designer and draftsmen in the 
selection, design and application of 
sleeve bearings. The book is divided 
into 10 sections, as follows: Materials 
of bearing construction. The precision 
insert (interchangeable) split bearing. 
Oil grooving. Special types of split 
sleeve bearings manufactured by his 
firm. Shims for adjustment of bearing 
clearance. Dimension sheets for pre- 
cision insert split bearings; for plain 
and double flanged split bearings; for 
babbitt lined bearings; for precision 
“dualoy” full round plain and flanged 
sieel back bearings; for flanged bronze 
bushings with stock in bore for finish- 
ing to six after assembly. Appendix. 

Industrial Plastics. By Herbert R. 
Simonds. Published by Pitman Pub- 
lishing Corp., New York, Chicago. 385 
pages, $4.50. 

The second edition of an authorita- 
tive study of the use of plastics as 
engineering materials is comprehensive, 
yet simple and concise in its presenta- 
tion. It will be valuable to engineers 
and enlightening to such of the general 
public who are interested in knowing 
what plastics are and their industrial 
applications so far. 

Attractively illustrated with several 
color as well as numerous black and 
white photos, the book deals rather ex- 
tensively with ten of the more important 
plastics, giving the physical properties 
and applications. A chapter on mold- 
ing practice, using operations at the 
General Electric plastics plant in Pitts- 
field, Mass., as an example, should 


prove interesting. And in the chapter 
on Industrial Applications, a section 
dealing with plastics in airplanes will 
gain particular attention, although it 
is to be regretted more material could 
not be presented concerning plastic 
bonded plywood aircraft construction. 
It is, nevertheless, amazing the numer- 
ous and varied applications to which 
plastics arc being put in this country 
and abroad. 


Air Transportation. By Claude E. 
Puffer. Published by The Blakiston 
Co., Philadelphia. 675 pages, $3.75. 

This scholarly book presents a com- 
plete and detailed analvsis of all the 
activities of C.A.B. and C.A.A., the 
decisions of the Interstate Commerce 
Commission in air-mail cases from 1935 
to 1938, studies the economic and legal 
characteristics of the air transport in- 
dustry which bring it under federal 
regulations, and discusses the activities 
and powers of other governmental 
agencies which affect the airlines. Air- 
line rates are thoroughly studied and 
discussed. 

At about a half-cent a page, this book 
is a wonderful buy for anyone who 
takes his airline economics or history 
seriously. Thousands of hours of work 
have gone into collecting and present- 
ing the material. The author is a 
Ph.D. and a member of the faculty at 
the University of Buffalo. 


Bombs and Bombing, What Every 
Civilian Should Know. By Willy 
Ley. Published by Modern Age Books, 
432 Fourth Ave., New York. 124 
pages, $1.25. 

The author is a German who came to 
the U. S. in 1934 and who is now editor 
of the New Weapons page of PM. In 
Germany he was president of the Rocket 
Society, and is an expert on incendiaries. 
He has made a close study of bombings 
in this war and passes on much new 
material to his readers. He discusses 
bomb sights, level bombing, dive bomb- 
ing, AA guns, effect of bombs on sky- 
scrapers, big bombs, and many other 
points. It makes interesting reading. 


Magnaflux Aircraft Inspection 
Manual. By F. B. Doane and W. E. 
Thomas. Published by Photopress, Inc., 
Chicago. 193 pages. 

The authors are a vice-president and 
an engineer of the Magnaflux Corp., 
and this is the official inspection manual 
for their company. Their book is 
clearly written, well illustrated and is 
a valuable contribution to aviation lit- 
erature. The book covers all phases 
of Magnaflux work. 
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Defense Engineers, Production Authorities . . 
those charged with the responsibility of making 
American aircraftmore effective... can place with 
confidence the job of building light?. strong and 
functional seating... for pilots, gunners, observers 
or radio operators. ..in the hands of skilled crafts- 
men?. long in the service of business and industry. 

Today, ‘The General Fireproofing Company 
accepts with pride this responsibility. The 
Aluminum Craftsmen of this, the world’s l Qr 9 est 
manufacturer of Aluminum Seating, are ready 
to carry out America's determination to make 
its airplanes the finest the worfd-has ever known. 
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phones and wires, from which an air- 
man occasionally emerges, or with a 
table with a map on it and a complex 
machine, much like a mechanized plan- 
chcttc, poised on three wheels over 

any connection with the notice boards 
on the wall with scraps of paper pinned 
to them, each with a pattern accurately 
traced on it in red ink, a quatrefoil, 
the letter “H", or some other geo- 
metrical line— the young artist's first 
steps in drawing. 

There is a subdued hum of hidden 
machinery and everyone in the room 
is busy and intent. It is a considerable 
surprise when the pupil himself makes 
his appearance, actually from inside the 
model aeroplane. A young Canadian 
with pilot's wings on his tunic lifts a 
black hood over the model and steps 
down from the pedestal, looking rather 
hot and tired and smoothing his ruffled 
hair. He has, in fact, done half an 
hour’s very hard work, directing the 
course of the miniature aeroplane by 
instruments, with the black hood over 
his head. His course has been plotted 
by the planchette — it is called "the 
crab"— on the map which lies on the 
table, and he has beeffe guided by the 
airman in the cupboard, who at inter- 
vals has sent him directions by wire- 
less. His course when plotted on the 
map has traced out one of those geo- 
metrical patterns which arc displayed 
on the notice board as an example to 
pupils; his flying has been as bril- 

In another room in the training cen- 
ter, in the "cubicle trainer," a whole 
bomber crew works together in a dark 
cupboard in which there are all the 
essentials of a bomber's equipment. 
They look out at a screen on which a 
lantern from time to time throws slides 
of a German landscape as seen from 
the air. To make things more difficult 
for the crew, as things would be more 
difficult for them in reality, lights dazzle 
them as searchlights would, and little 
flashes on the screen mimic the burst- 
ing of anti-aircraft shells. Inside the 
cubicle the crew remains for hours at 
a time, in wireless contact with the 
instructor outside, with the pilot at 
the controls, the navigator plotting his 
course on the maps, the wireless opera- 
tor getting signals from his base. 

By degrees the crews move from 
models to reality. The air gunner learns 
to shoot both with real and imaginary 
bullets, always in a real gun turret 
mounted on wheels, but sometimes at 
a range and sometimes in a darkened 
room. In the “Spotlight trainer” he 
aims at the silhouette of an aeroplane 
which appears on an enormous dome 
of concrete resting on its side. His 
guns have no bullets in them, but only 
( Turn to page 142) 


R.A.F. Bomber Crews 

( Continued from page 53) 


tion of an American, Mr. Edwin Link, 
is, at a first glance, obviously a toy. 
An educational toy, perhaps, but the 
miniature aeroplane swaying very gently 
on a pedestal is painted so clean and 
brilliant a blue, with the rings of Brit- 
ish aircraft patriotically bright, that it 
must be meant to catch the fancy of 
the pupil. And the object, the connec- 
tion between this brightly painted model 
with death and destruction in Germany? 
At first, indeed, there seems to be no 
connection between the model and any- 
thing else at all. It docs not seem to 
be connected with a small cupboard in 
one corner of the room, full of tele- 
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Aircraft Welding 

(Continued from page 67) 


jected to tension, compression or tor- 
sional test — whichever type of stress it 
is designed to withstand. The severity 
and completeness of each test depends 
upon available testing equipment and 
individual circumstances. 

Again any difficulties which may 
arise are analyzed and any necessary 
changes in procedure are made. Suit- 
able jigs are designed and built and 
the welding procedure marked on the 
blueprint. These markings include the 
starting and stopping points of all welds, 
the direction of welding and the welding 
technique. All operators are then 
required to follow that procedure 

Edge Preparation. With material less 
than | in. thick no special preparation 
is necessary except to make sure a good 
fit is obtained and that the edges are 
cleaned of scale, grease and other for- 
eign matter. For material J in. thick 
and heavier, the edges to be welded 
together should be beveled so as to 
provide an included angle of at least 75 
deg., if possible. - 

Spacing. Most welds in aircraft 
work are fillet welds of one form or 
another and for this type of weld no 
spacing is needed. For butt-type welds 
the edges to be joined should be spaced 
somewhat to facilitate thorough pene- 
tration. This spacing at the point of 
welding should be at least it in. for the 
lighter gauges to i in. for plate material. 

Weld Penetration. Thorough fusion 
between the base metal and metal added 
from the welding rod at all points in 
the weld is a necessary requirement 
of all fusion welding. 

Weld Reinforcement. By reinforce- 
ment is meant the amount by which the 
weld is built up above the top surfaces 
of the parts being joined. Such rein- 
forcement should merge smoothly into 
the top surfaces without undercutting 
or excessive build-up at any point. For 
butt welds in S.A.E. X4130 sheet or 
tubing welded with low-carbon or 


medium-carbon welding rod, the weld 
should be built up so as to be at least 
li times the base-metal thickness. With 
relatively thin base metal, 0.10 in. and 
thinner, the weld, including the rein- 
forcement, is frequently as much as 
twice as thick as the metal being joined. 

Welding Rod. Like most other weld- 
ing operations, X4130 is joined with a 
welding rod having an analysis differ- 
ent from that of the base metal. Three 
commonly used welding rod analyses 



Fig. 3 — Blockcd-in areas indicate Ihe desired 

tho finished weld. Naturally, with light 
gauges the reinforcement may be as much 
as 100 percent, instead of the 25 percent 
indicated here. 


will be given here and the chief reasons 
for the use of each will be explained. 

The welding rod that has been used 
most widely until recently, and that is 
still used for much aircraft work, is a 
low-carbon steel similar to Norway 
iron. The general analysis is given as 
0.06 percent carbon max., 0.25 percent 
manganese max., and not over 0.05 per- 
cent silicon. (Oxweld No. 7 Drawn 
Iron Welding Rod, copper-coated, 
meets this specification.) 

Naturally such welding rod has con- 
siderably lower unit tensile strength 
than the X4130 base metal. However, 
welds having equal or greater strength 
than the base metal are consistently 
made in light gauge material. Two 
factors contribute to this strength: 

1. The thickness of the weld metal, 
the weld cross-section, is considerably 
greater than that of the base metal. 

2. The weld metal, during fusion, 
picks up alloying elements from the 
adjacent base metal, thereby increas- 
ing the strength of the weld metal. At 
the same time the slight decrease in base 
metal strength, due to the loss of alloy- 
ing elements, occurs in an area 
strengthened by the weld reinforcement. 


When aircraft tubing greater than 
0.10 in. thick is to be welded, an exces- 
sive height and width of reinforcement 
would be required to obtain strength in 
the weld equal to that in the base metal 
with the low carbon welding rod. 
Furthermore, because of the greater 
spacing between the base metal parts 
during the welding of this thicker 
material, the pick up of alloying ele- 
ments from the base metal is not as uni- 
form in its effect upon the weld. These 
factors indicate the need for a welding 
rod of higher strength. Therefore, a 
welding rod having 0.13 to 0.18 per- 
cent carbon, approximately 1.10 per- 
cent manganese and 0.25 percent silicon 
(Oxweld No. 1 High Test Steel Weld- 
ing Rod) has found wide acceptance for 

expanding. In addition to the higher 
strength of this rod due to its increased 
carbon content over that of the low car- 
bon rod previously mentioned, the man- 
ganese and silicon in this welding rod 
have a fluxing action which is advan- 
tageous. The carbon content in this 
rod offers the opportunity of increasing 
weld strength by heat treatment. 


R.A.F. Bomber Crews 

(Continued front page 142) 


very near to the real thing and anxious 
for it to begin. They have had enough 
of training by now, not only here, 
where they have learned to work as a 
crew, but in other schools before, where 
they were trained as individuals. 

Back from their training flight they 
take a rest before dinner, still loosely 
divided into crews, for the crews have 
a way of sitting together even when 
not at work. There are dark blue 
Australian uniforms mixed with the 
lighter blue of the R.A.F., which Cana- 
dians, New Zealanders, South Africans 
and men from all parts of the Empire 
wear. There is one man who has come 
from South America on his own to fly 
in a bomber against Germany — he won- 
ders at intervals if the R.A.F. would 
like to pay his fare but he does not 
expect anything much to be done about 
it in the near future. There is a very 
young man dozing in a wicker chair; 
with a kitten asleep on his knee. He 
has the rather long hair which flying 
men often wear and he looks much like 
an English undergraduate, lazy after 
a day on the river. Nothing but war 
would easily have brought these men 
together, but now they are together 
indeed. There are few closer ties than 
those which hold together the crew o f 
a bomber. 
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A new synthetic solid 
gives you this 
permanent tracing paper 


A remarkable new transparentiz- 
ing agent developed in the K&E 
laboratories — produces this truly 
permanent tracing paper! ALBA- 
NENE is made of 100X long fiber 
pure white rags — treated with 
Albanite — a new crystal clear syn- 
thetic solid, physically and chem- 
ically inert. ALBANENE will not 
oxidize, become brittle or lose 
transparency with age. 

Equally important, ALBANENE 
has an excellent drawing surface 
that takes ink or pencil beautifully 
and erases with ease ... a high de- 
gree of transparency that makes 
tracing simple and produces 


strong sharp blueprints . . . extra 
strength to stand up under con- 
stant corrections, filing and rough 
handling. ALBANENE has all the 
working qualities you’ve always 
wanted — and it will retain all these 
characteristics indefinitely. 

Make ALBANENE "prove it” on 
your own drawing board. Ask 
your K&E dealer or write us for 
an illustrated brochure and gen- 
erous working sample. 
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Auto-Mctkers 

( Continued from page 49) 


efficiency of operation, entirely new con- 
cepts of weight-strength ratios have 
evolved. However, reduction of weight 
in surface carriers does lead, though in 
lesser degree, to greater efficiency with 
resultant economies, as has been learned 
by the makers of buses and streamlined 
railroad trains. It is reasonably safe to 
assume that motor cars of the future 
will be constructed with greater strength 
and overall lightness, due in part to 
developments pioneered by the aviation 
industry. 


Now let us look at the production 
problems. Under the 40,000 plane pro- 
gram there are roughly 40 different 
models in production and on order, a 
general average of 1,000 per model. 
Even with the utmost effort to achieve 
maximum standardization, it is unlikely 
the number of models could be reduced 
to less than around 35 without seriously 
jeopardizing the military efficiency of 
our Army and Navy air forces. The 
requirements with respect to quantities 
of various models vary widely, of 
course, but even the demand for those 
types needed in greatest numbers will 
scarcely approach 5,000 a year in the 
immediate future. There is a strong 
possibility that the numerical strength 
of air forces may tend to diminish in 
the future as the trend-curve toward 
larger unit sizes has as yet shown no 
tendency to flatten out. 

Five thousand units of one model a 
year is less than 20 units per working 


day. Some automotive producers have 
a capacity of 2,000 units a day. Any- 
one who thinks 2,000-units-per-day pro- 
duction methods can be applied to 20- 
units-per-day production is simply un- 
informed on the subject. Moreover. 
2,000-units-per-day capacity was not 
established in 6 months, a year, or two 
years. It is the culmination of many 
years’ experience in gradually ex- 
panded production of a standardized 
product with only minor modifications 
once or twice a year. More substantial 
changes completely disrupt the produc- 
tion processes. 

In military aircraft, the maintenance 
of superiority in quality and perform- 
ance is fully as important — possibly 
more so — than relative numerical 
strength. Hence, every improvement or 
modification of airframe, engine or'ac- 

proven, must be incorporated right now. 


cause the airplane is such a closely 
integrated and delicately balanced in- 
strument from nose to rudder, seemingly 
minor changes frequently involve ex- 
tensive redesign which would be un- 
necessary in other vehicles. If produc- 
tion facilities were "over-tooled" the 
attempt to incorporate essential im- 
provements would cause far more 
serious delays in deliveries than is the 
case at present. Furthermore, one of 
the most serious hindrances in the in- 
dustry expansion has been in the pro- 
curement of machine tools; any exten- 
sion of present "tooling-up” plans 
might result in dangerous further de- 
lays in ultimate deliveries. 




Thus the intent was not to adopt the 
methods of the auto industry when the 
aviation program expanded into that 



A) this huge new plant in Akron, the Goodyear Aircraft Corp- will turn out a variety 


field, but to adapt the facilities and skills 
of that industry to the requirements of 
aircraft production. 

Meanwhile, real progress is being 
made toward immediate goals. Only 
the major facts of automotive participa- 
tion are stated in order to present a 
clearly proportioned picture within 
reasonable space limitations. The pic- 
ture is changing in outline and detail 
every day; changes will have occurred 
between the time of going to press and 
publication. And now, since more than 
two engines and propellers are needed 
for every airplane built, let us take a 
look first at the potential power plain 
production of thejautomotive industry. 



General Motors Corp. is the largest 
participant in the aircraft engine pro- 
gram, with its Allison Division at In- 
dianapolis and Pratt & Whitney engines 
to be produced under license by Buick 
at Melrose Park, near Chicago, and 
Chevrolet at Tonawanda, N. Y. An- 
other licensee, not in the automotive 
field is the Jacobs Aircraft Engine Co. 
of Pottstown, Pa., for which the De- 
fense Plant Corp. is erecting a $13,- 
000,000 plant, to be operated by Jacobs 
under a lease agreement. 

The Allison liquid-cooled engine, of 
course, has been under development by 
GM for many years, but only in tin- 
current year has it been brought to the 
degree of perfection represented by the 
1325 hp. model now in production. Nor 
was large-scale production achieved un- 
til this year, but now Allison is well 
on the way to the long-sought goal of 

1.000 engines per month, successfully 
meeting demands imposed by produc- 
tion of fighters using this engine. The 
Cadillac Division of General Motors is 
an important subcontractor. 

Allison plants at the Indianapolis site 
occupy more than a million and a quar- 
ter sqtiare feet of floor space and em- 
ployees number about 10,000. At last 
report, Allison held defense orders total- 
ling approximately $242,000,000. The 
rated output of the V-12 will be in- 
creased again, probably to around 1500 
hp. without major redesign. The 24- 
cylinder four-bank Allison turning up 
in excess of 2,600 hp. awaits only an 
airplane to carry it for production to 

Buick is in the early stages of produc- 
tion on the P & W 1200 hp. Twin Wasp 
at the Melrose Park plant which is now 
about completed. By the end of the 
year production will be in progress and 
will gradually swell on into 1943. Soon, 

15.000 workers will be employed on this 
project, two-thirds at Melrose Park and 
the other 5,000 at the parts plant in 
Flint. Buick holds $123,200,000 worth 
of orders. 

(Turn to next page ) 
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plant in Memphis. Tonn. Parts go to the North American plant in Kansas City. Missouri. 


For the past several months Chevrolet 
has been busily engaged in preparations 
for manufacture of an $88,000,000 order 
for additional P & W 1200 hp. engines. 
The War Department in September ap- 
proved lease agreements with Chevrolet 
for establishment of plants and facilities 
at Buffalo and Tonawanda at a cost of 
$37,161,530 for this purpose. Chevrolet 
engine production will not get under 
way until late in 1942. 

Ford Motor Co. is now in production 
on the Pratt & Whitney 2000 hp. radials 
which are destined for installation in 
the C-46, the Curtiss-Wright Army 
transport, and fighters such as the Re- 
public P-47 Thunderbolt. These en- 
gines are produced at the big new 
River Rouge plant constructed for the 
purpose. Ford started production on 
the first engines by the end of summer 
and hopes to reach a rate of 40 per day 

Packard Motor Co., building Rolls 
Royce "Merlins”, lias an assembly line 
in operation but it is not anticipated 
volume production will be reached be- 
fore spring. It is understood the out- 
put of this engine has been stepped up 
to about 1300 hp., which gives it a 
more favorable weight-power ratio than 
ever. Packard has a backlog of more 
than $200,000,000 in British and Ameri- 
can orders, and expects to have about 
17,000 men employed by spring. 

Studebaker Corp. will build 1700 hp. 
Wright radials, and some in the 1200 
hp. category. For this purpose three 
new plants have been constructed, com- 
prising over 1,500,000 square feet of 
floor space. Chicago and Fort Wayne 


plants will supply parts to the main 
assembly plant at South Bend. The 
plants cost approximately $50,000,000, 
supplied by the Defense Plant Corp. 
Tools have been moving into all three 
plants for some time and production 
will be under way early in 1942. Pres- 
ent schedules call for completion of 600 
engines monthly by May. 

Continental Motors Corp. at Muske- 
gon, Mich., has for some time been in 
quantity production on 250 hp. engines 
for training planes and light tanks, and 
75 hp. engines for primary trainers. 
Continental’s Detroit subsidiary is in 
production on 450 hp. Wright Whirl- 
winds for airplanes and tanks. 

Many New Engines Under Development 

Although information is restricted 
concerning research on aircraft power- 
plants, the following facts can be di- 
vulged. The Ford Company is known 
to be encouraged with progress on the 
V-12 air-cooled engine of its own de- 
sign. It is expected to turn up 1600 
or 1700 hp. Ford has been conducting 
extensive research in attempts to pro- 
duce a centrifugally cast cylinder sleeve 
to replace forgings or tubings now 
utilized. If these efforts succeed, many 
vexing problems in aircraft engine pro- 
duction will be removed. 

Briggs is reportedly working on a 
powerplant of higher output than any- 
thing which has yet appeared. Chrysler 
has one or more experimental airplane 
engines in its laboratories. Packard en- 
gineers are working on a 2000-hp. en- 
gine of their own design, and Conti- 
nental’s Detroit branch is working with 


the Army on a new high-output engine. 
Allison has even more powerful engines 
than the 24-cylinder job under study. 


It is impossible in this article dealing 
largely with primary contractors to dis- 
cuss subcontractors except where such 
activities on the part of major auto 
companies render it pertinent to the 
subject. It must be understood, how- 
ever, that the industry is involved to a 
far greater extent than is described 
here. There are many hundreds of ac- 
tive subcontractors in the industry pro- 
gram, some of the primary contractors 
employing up to several hundred sub- 
contractors on a single product. The 
varied origin of components of a single 
product and the criss-crossing lines be- 
tween divisions of a single concern and 
separate organizations presents an in- 
dustrial picture of vast complexity. But 
it is just this flexibility and the con- 
comitant opportunities for spreading ex- 
pansion evenly throughout a vast in- 
dustry that is enabling the automotive 
industry hopefully to work toward aero- 
nautical production of the truly enor- 
mous proportions involved. 

The new $37,000,000 Wright plant 
near Cincinnati now getting into pro- 
duction on Cyclones is relying heavily 
on the auto makers for parts. Hudson 
is supplying all rocker arms and pistons 
for these engines. Several million dol- 
lars worth of business is involved. 
Graham-Paige is producing engine con- 
necting and articulating rods for the 
same product to the extent of about 
$10,000,000 worth, and Ohio Crank- 
shaft and Eaton Manufacturing are 
supplying crankshafts and propeller 
shafts, respectively. Numerous others 
also are contributing products from 
their extensive automobile experience. 

Aeroproducts Division of G.M. at 
Vandalia, Ohio, is getting into produc- 
tion on a $71,800,000 order for variable- 
pitch propellers designed especially for 
Allison engines. Around a thousand 
men are employed in this new plant and 
employment wdi swell to 2,500 at peak 
production. Embodying several new 
features, this prop is made with hollow 
blades of ribbed, heat-treated steel. The 
hydraulic operating mechanism is 
housed in the hub and base of the blades 
so as to permit center-mounting of an 
aircraft cannon which fires through the 
hollow shaft. 

Nash-Kelvinator Corp. will make 
Hamilton Standard propellers under 
license by United Aircraft. Old plants 
of Reo Motors at Lansing have been 
reconditioned for this purpose and'tm- 
ployment is expected to reach 3000 some 
time next spring. 

Ford will be the largest automotive 
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HOW TO BEND 



tile dye sticks, exhaust manifolds 
or any of a hundred other appli- 
cations, Welded Stainless Tubing 
provides close gauge tolerances, 
strength and the ability to with- 
stand severe service conditions. 
Annealed, it is about 50% stronger 
than cold rolled steel, and nearly 
as ductile. However, certain pre- 
cautions are required in bending. 

• Use the best bending equipment. 

• Bend over a form using a shoe 
the tubing. 

• Use an inside mandrel or sand, 

fl ? e ;. rosin or cn ms m ' 1 ' 1 



Add these precautions to your 
standard rules for bending light 
wall tubing and the results should 
equal those obtained with mild 
steel — as the above photographs 

For full instructions on the best 
means of handling Welded Stain- 
less Tubing, see your Carpenter 
distributor or write us direct. 



THE CARPENTER STEEL CO. 


WELDED ALLOT TUBE DIV.. KENILWORTH. H. J. 



participant in the airplane program with 
a scheme which contemplates the build- 
ing of 75 completed Consolidated B-24 
long-range bombers per month and 

lional 100 planes of the same type to 
be completed at the Government as- 
sembly plants under construction at 
Fort Worth, Tex., and Tulsa, Okla. To 

rapidly on the $47,000,000 Willow Run 
project which Ford claims will be the 
largest aircraft factory in the world 
producing a single type of aircraft. 

A 975-acre site near Ypsilanti, Mich., 
will accommodate airport, hangars, 

the assembly building and machine 
shops. Total floor space, exclusive of 
hangars, will run in excess of 2,500,000 
square feet, and probably in excess of 
50,000 workers eventually will be em- 
ployed . there. Structural work on the 
assembly building and the chief ma- 
chine shop is largely completed and 
construction work is well advanced on 

so it is unlikely that operations of any 
magnitude can get under way until the 
latter part of 1942. Ford orders for 
aircraft are nearly $500,000,000. 

G.M.’s Fisher Body Division is in 
production on fuselage sections and 
parts for the North American B-25 mc- 

this work is being done at the new 
Memphis plant, although Fisher plants 


Over 3,000 men are now employed and 
eventually the number will -exceed 
9,000. Fisher holds a $78,000,000 order 
for B-25 parts and expects to be in full 
production when the government’s Kan- 
sas City assembly plant gets under way 
by February or March of next year. 

Chrysler Corp. and Hudson are both 
under contract to build fuselage sections 
and parts for the Martin B-26 medium 


liminary engineering stages of prepar- 
ing tools, jigs and dies. Chrysler has a 
$42,000,000 order to produce nose and 
center fuselage sections. Several Chrys- 
ler plants in the Detroit area will en- 
gage in this work and final assembly 
will be conducted in the Warren avenue 
plant formerly occupied by Graham- 
Paige. Chrysler estimates well over 
10,000 employees will be engaged in 
this work. Hudson will produce tail 
assemblies and fuselage parts. Both 
these firms will get into volume pro- 


the start of B-26 assembly at the 
Omaha plant now under construction. 

Goodyear Aircraft Division, though 
not an auto manufacturer, is included 
because of the large role it plays in the 
bomber program and the impressive 
volume of other airframe work. Natur- 
ally, other rubber companies are play- 


ing important parts in the aviation pro- 

nearing completion will be devoted to 
fabrication of outer wings for the Mar- 
tin B-26. Production already is in full 
swing on all control surfaces for the 
B-26. Goodyear also is in production 
on control surfaces for the Martin PBM 
navy patrol boat; outer wings, wing-tip 
floats, ailerons and tail assemblies for 
the Consolidated PB2Y long-range 
patrol boat; metal stabilizers for the 
Curtiss P-40; tail surfaces for Grum- 
man F4F fighters, and a diversity of 
wheel and brake assemblies. By late 
spring Goodyear expects to have 9,000 
employees in aircraft work. 

duction on outer wings for two types— 
the Douglas A20 light bomber and the 
Vought Sikorsky F4U fighter— and a 
great variety of ducts, bomb doors, fuel 
tank covers, wing flaps and other parts 
for the Boeing B-17 Flying Fortresses. 
Briggs holds over $40,000,000 worth of 
aircraft orders and was one of the first 
companies in the industry to reach vol- 

Murray Corp., second of the major 
body builders in the Detroit area, is in 
active production on fuselage sections 
and parts for the Douglas A-20 and tail 
surfaces for the Brewster Aircraft Co. 

That, in broad outline, is how the 
job is being done. On the whole the 
program is ahead of original schedules, 
but there has been so much doubling 
and redoubling of expansion projects 
that schedules are relatively meaning- 
less. It isn't all smooth sailing, though. 
There are headaches, delays, blunders 
and bad guesses galore as there must 
be in all human undertakings. But the 
overall magnificance of this gigantic 
effort, seen at first hand, coupled with 
the prevailing enthusiasm of manage- 
ment and workers justifies optimism and 
confidence in the ultimate outcome. 

True, there are many imponderables 
with respect to the future of aviation 
after the present emergency is over. 
But most of them are on the bright side. 
The surface of air freight transporta- 
tion possibilities has scarcely been 
scratched. The improvements already 
incorporated in aircraft as a result of 
expedient military requirements will 
have rendered obsolete and economically 
unfeasible to operate every transport on 
all the airlines of the world. We will 
have pilots by the hundreds of thous- 
ands, great numbers of whom will be 
eager to obtain airplanes offering 
reasonably safe and efficient perform- 
ance at prices within their means. Cer- 
tainly difficult days are ahead. But the 
picture is by no means dark, particularly 
if we, as a nation, will exploit to the 
fullest all of the positive factors just as 
soon as they are perceived. That means 
coordinated planning from now on. 



Getting the right radio equipment in the 
first place, is important to every flyer. 
Keeping it right — through periodic check- 
ups and expert servicing — is just as im- 
portant ! That’s why all RCA Distributors 
are equipped to do both jobs well . . . 
to serve you to the best of their ability, 
whether you want equipment, or service, 
or just good, reliable advice! 


Wherever you are, wherever you fly — 
you’re never far away from an RCA 
Aviation Radio organization you can 

That's important to your peace of mind 
at all times . . . just one more 
of the many reasons why the 
men who blow flying choose 
RCA Radio to fly with them! 
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Penco "3-Shift" 
Tool Stand 
t<* 24-Hour 
Service! 

Keep tools right on the job — 
twenty-four hours a day. Each 
of the three drawers locks sepa- 
rately — a single drawer for each 
shift. Amazing time saver! 
All-welded steel construction for 
heavy duty service. 32" high, 30" 
wide and 18" deep. No. 12 gauge 
shelves — flanged top. Drawers 5" 
high, 18" wide, 16" deep. Also 
furnished with one or two drawers. 
Here is portable and protected 
storage in a tool stand with the 

saving features. Designed for de- 
fense work and available in quan- 
tities only. Write for attractive 
quantity prices. 



Penn Metal Corporation 
of Penna. 

32 Oregon Avenue, Philadelphia, Pa. 


all molded together into an inseparable 
bond. Skin thicknesses of the fuselage 
are never less than three laminations of 
veneer ; where stresses are greater, 
more laminations arc employed. In final 
assembly, the fuselage-halves are fitted 
together and fastened with a thermoset- 
ting phenol glue. 

As skin and internal structure are 
molded into one piece, no rivets, nails, 
or screws are needed save where the 
part is purposely made detachable, such 
as the wing tips, engine cowling and 
nacelles. 

The plywood is highly fire resistant. 
It will burn, but will not alone support 
combustion. This was demonstrated 
when a plywood section comparable in 
weight to sheets of aluminum alloy and 
stainless steel was subjected to an 
acetylene torch test. Although the torch, 
which can generate enough heat to melt 
concrete, cut through both the stainless 
steel and aluminum alloy in two seconds 
each, it required 7\ seconds to burn 
through the plastic-bonded plywood. 
And once the flame of the torch was 
removed the fire immediately died out. 
Even plain plywood, uncoated by resin, 
resisted the blow torch test better by 
several seconds than did the metal 
sheets, although it continued to burn 
after the torch was removed, unlike the 
plastic coated material. 

Moreover, when the plywood is lined 
with asbestos, as is done on the inner 
surfaces of the engine cowling, the time 
required by the acetylene torch to cut 
through was a little over a half minute, 
more than IS times the length of time 
needed to burn through the stainless 
steel firewalls which the builders are 
required to install in their plane “for 
protection.” 

In addition to this, aluminum alloy 
metal, when subjected to the high tem- 
peratures engendered by gasoline fires, 
will abruptly melt and thus afford ab- 
solutely no support to the structure. 
Consequently, the part will collapse. The 
plastic bonded plywood structure, how- 
ever, will retain its rigidity until 


it is burned completely through. 

As the various structures of the 
Langley airplane are all formed on 
molds, which will produce the same 
structure identically time and again, 
there is no need for making extensive 
drawings. In fact, except for the draw- 
ings required to build the master molds, 
no drawings other than for engine 
mounts and landing gear are needed 
until a new and different design is 
wanted. Needless to say, great savings in 
time and money result not only from not 
having to make more than a few draw- 
ings, but also because all the parts 
making up the Langley airplane are 
interchangeable with similar structures 
in every plane built from the same 


The new molded plastic bonded ply- 
wood may also find application in build- 
ing seaplane floats, flying boat hulls, 
gasoline tanks, etc., and is adaptable for 
military transports, gliders and large 
commercial airplanes. Any number of 
veneer laminations may be built up for 
the desired strength, the structures be- 
ing much stronger for equal weight 
than comparable aluminum alloy struc- 

tages are also claimed by virtue of the 
integral skin structure holding its true 
airfoil shape in flight with correspond- 
ing increases in the performance of the 

Performance and specification figures 
for the present Langley aircraft, pow- 
ered by two 65 hp. Franklin aircooled 
engines, are as follows : 


Height 

Tread 

Cross weight 

Weight empty... . 
Maximum speed. .... 

Cruising speed 

Rate of climb (full load) . 

I a ruling speed 

Fuel capacity . 

Fuel 
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How Available / 

TO THE AIRCRAFT INDUSTRY 


OUTSTANDING DEVELOPMENT GREATLY REDUCES 
CABLE STRETCH AND TENSION VARIATIONS 


Cable stretch and tightening or 
slackening of cables due to varia- 
tions in temperature are two prob- 
lems that have become increasingly 
difficult with the use of longer and 
larger control cords. Now comes 
a logical and far-reaching develop- 
ment that offers radical improve- 
ments — Rocbling Lock-Clad* — in 
which all straight sections of a 
flexible steel control cable are en- 
cased in dural. 

In Lock-Clad*, cable stretch can 

NOW IN SERVICE — ON 

In utilizing Lock-Clad* cable for Lockheed Lodestars, 
system was widening the grooves of the fairlead 
the elevator and rudder control systems, only nor- 

where they pass over pulleys — with vastly improved 
pilot control under all operating conditions. 


be reduced as much as 80%, and 
temperature coefficient approaches 
that of the plane itself. Lower rig- 
ging loads are possible and greater 
sensitivity of controls is provided 
under all flying conditions. 

Investigate this important step 
forward in aircraft control. Write 
for further information on the char- 
acteristics of Roebling Lock-Clad* 
and details on how it can be used 
in both new and existing planes. 







♦Trade Mark Registered U.S. Patent Office 


JOHN A. ROEBLING'S SONS COMPANY 
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Selig Altschul 

(Continued from page 99) 


tear of post-war adjustments to the in- 
dustry receives attention in virtually 
every discussion on the industry. 

Investment trust selling of aircraft 
stocks, noticeable in the first half of 
1941, became quite pronounced during 
the third quarter. One major trust 
alone, in this recent period, disposed of 
12,600 shares of aircraft equities with 
an indicated aggregate value of more 
than $420,000. This trend shows no 
sign of abating — if anything these sales 
will probably be made at an increasing 


While affected in a general way by 
the same factors that broadly influence 
the aircraft and other groups, the air 
transport industry finds itself in a 
highly favorable position. The air 
lines will be required to pay higher 
nonnal and surtax taxes. In no case, 
however, will such taxes exceed 31 per- 
cent of the corporate income. Once 
again, the air transport group is exempt 
from the payment of any excess profits 
taxes. Retained in the 1941 tax law, is 
the provision that air mail carriers arc 
exempt from excess profits taxes, if 
earnings are less than the sum of the 
regular average earnings or invested 
capital exemption plus their total air 

This favored treatment to the air 
lines is of prime importance and may 
endow the group with certain invest- 
ment characteristics never before avail- 
able. In a market that is highly tax 
sensitive, those issues which are so 
situated in that they avoid burdensome 
imposts, are likely to come to the fore- 
front as a ready favorite. 

It is difficult, however, to ascribe the 
recent strength in air line issues solely 
to the tax factor. In the post-war period, 
this group stands to be one of the lead- 
ing beneficiaries of our present aviation 
development. Moreover, the long secu- 
lar growth trend is a major uplifting 
influence. 

Of immediate encouragement is the 
better earnings reports currently being 
released by the major lines. Temporar- 
ily overlooked are the ominous implica- 
tions contained in the examiner’s report 
on American Airline’s mail rates. While 
lower mail compensation is anticipated, 
it is the retroactive feature of the ex- 
aminer’s report which can deal the in- 
dustry a vital body blow. If the full 
CAB sustains the right to re-examine 
previous year’s results in order to de- 
mand the return of alleged excessive 


ing previous earnings. This whole 
problem will undoubtedly be clarified 


when the CAB issues its findings on the 
American Airline’s examiner’s report 

Bolstered by heavy defense travel, all 
air lines are reporting improved results 
as contrasted to the disappointing re- 
turns revealed during the first half of 
1941. This is a condition prevailing for 
most of the air carriers. 

American Airlines for the first six 
months of 1941, failed to make an im- 
pressive showing, its profits amounting 
to $1.51 a share on its 575,000 shares of 
common stock as contrasted to $1.55 
a share earned in the like period a year 
ago. In July, however, the company's 
earnings turned definitely for the better 
with an expansion of about 30 percent 
in gross being accompanied by a rise of 
more than 90 percent in net. Ordinarily, 
the company reaches its peak earnings 
in October. Estimates place the com- 
pany’s results for the final live months 



of the year at a much better level than 
for the corresponding period a year ago. 
On the premise, that the present trend 
will continue, American may be ex- 
pected to show earnings of at least $4.00 
a share for the full vear compared to 
$3.13 for 1940. 

Eastern Air Lines followed up its 
record-breaking second quarter with the 
biggest third quarter in its history. 
Generally, the summer months are the 
slack period in the company's operations. 
Nevertheless, results for the third 
quarter may almost equal the proflts for 
the three months ended June 30, 1941. 
In previous years, the third quarter has 
always shown a major decline in earn- 
ings. With the background of results 
thus far, the company should show a 
net profit for the nine months to Sept. 
30, 1941 of better than $1,000,000 or 
about $1.80 per share against $1.41 a 
share for the like 1940 period and only 
$1.08 in the initial nine months of 1939. 
For the full year 1941, the company may 
show net earnings of at least $3.00 per 
share on the basis of 572,178 shares out- 
standing. This would compare with 
$2.80 per share for 1940. 

United Air Lines is also participating 
in the record-breaking traffic, with cor- 
responding improvement in earnings. 
For the Grst half of 1941, the company 
was still in the red to the staggering ex- 
tent of $562,316, This represented a 


material improvement over the deGcit 
of more than one million dollars for the 
flrst quarter. A net proGt for the three 
months ending Sept. 30, 1941 is indi- 
cated of at least $1,400,000; equal to 93 
cents a share. This recent quarter An- 
ally placed the company in the black 
with the expectation that the company 
may end the year in the proflt column. 
It is likely, however, that United may 
not equal 1940 results when 52 cents per 
share on 1,500,451 shares was reported. 

The major units in the air transp'ort 
industry have clearly demonstrated that 
they possess tangible earning power 
despite the various restrictions placed in 
their path. If the group can do as well 
as it has under the adverse conditions 
prevailing this year, it takes little imagi- 
nation as to what the industry can do 
if given a more favorable combination 
of developments. 

The forced-draft research in airplane 
construction and design, engines, pro- 
pellers and equipment made necessary 
by the war, will all be made available to 
commercial aviation. Not only will 
bigger and faster airplanes result, but 
equipment will be conducive to greater 
safety in the air. 

Probably the most important element 
will be substantial reduction in operat- 
ing costs which will broaden the horizon 
of tfie air line markets. 

All sorts of predictions have been 
made as to the type of luxury equip- 
ment to be flown in the future. These 
planes range in projection from the 
ultra-luxurious non-stop airplane, the 
Twentieth Century Limited of the sky- 
ways to the special-built cargo planes 
for freight and mail. 

It is this combination of favorable 
circumstances surrounding the air lines 
— their present tax status, current earn- 
ings, secular growth and future poten- 
tialities — that has given the group an 
aura of investment respectability and 
the signs accumulate that astute invest- 
ors are in the process of increasing their 
commitments in the industry. 


Window Shopping 


iet Bucking Bars — Coraplei 
issued covering more Ihar 


developed lo meet exacting requirements of 
heavy duty riveting. Aircraft Tools, Inc., l.os 
Angeles, Calif. 
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NEW and EFFICIENT 
SUPPORT for the VITAL 
VOICES of the AIR . a 

It has been the privilege of the Continental-Diamond 
Fibre Company to work with the Glenn L. Martin 
Company in developing... now in mass production... 
a DILECTO MOULDED LAMINATED PLASTIC 
RADIO ANTENNA MAST. 

The final result not only answered what had been 
considered the prime requisite . . . but, also possessed 
other characteristics which proved of considerable 
value. The tapered design of the C-D DILECTO mast 
provides higher structural efficiency . . . better ap- 
pearance . . . and this modern design is an engineer- 
ing achievement presenting no manufacturing diffi- 
culties such as would be met in light alloy metals. 

A few months from the time the Glenn L. Martin 
Company first made their request . . . C-D had a suit- 
able mast ready . . . for C-D has more than 30 years’ 
experience in phenolic plastics. 

Perhaps C-D's accumulated wealth of “Know 
HOW” in Fibre... Laminated and Moulded Plastics 
. . . and other NON-Metallics may be helpful in solv- 
ing your “What Material” problems. 

Get in touch with C-D, #14 Chapel Street, Newark, 
Delaware. 
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Canadian Training 

(Continued from page 57) 


North American Harvard, or Fleet 
Fort. Graduation comes with the cere- 
mony of receiving wings, sergeant's 
stripes, or commission as Pilot Officer 
(one-third at graduation, 17 percent 
overseas) depending on examination 

Air observers and bombers after their 
stint at the initial training schools go 
for 14 weeks to one of ten air observer 
schools to learn navigation, photog- 

Ansons, Cessna Cranes, Fairey Battles 
or Noorduyn Norsemans. They also 
study mathematics, wireless, meteorol- 
ogy. Then come six weeks at one of 10 
bombing and gunnery schools, where 
they learn to drop bombs on targets, 
study bombsights, wind-drift, to plot 
course. A final 4 weeks are put in at 2 
air navigation schools for advanced 
navigation instruction. Graduation 
brings a half wing with letter O for 
observer, sergeant’s stripes or if one 
of lucky third, a commission. 

Wireless operator-gunner spends his 
first 20 weeks after the 2 weeks at the 
manning depot at one of 4 wireless 
schools, where he learns the ins and 
outs of modern aircraft radio com- 
munication, both in the air and on the 
ground. With him are studying ground 
radio operators and radio mechanics. 
He also learns to know the armament 
of the planes he is to fly, and when he 
passes the examinations at the wireless 
school puts in 4 weeks at the 10 bomb- 
ing and gunnery schools learning to 
shoot moving model planes and in the 


air to turn his gun on real life size 
targets. Graduation brings him a half 
wing with letters AG for air gunner, 
sergeant's stripes, or if one of the 
top 20 percent of the class the rank 
of Pilot Officer. 

Following graduation, a certain num- 
ber of the men are turned into instruc- 
tors, others receive operational train- 
ing with the air force commands on 
the Atlantic or Pacific coasts, the bal- 
ance go overseas to train. 

Practically all the airplanes used for 
the elementary and intermediate train- 
ing are now made in Canada. The 
Dominion will be using 4,000 planes 
by the end of 1941, according to plans 
made early in the year. Thirteen dif- 
ferent types of planes are now made 
in Canada, a number which is to be 
cut in half to increase production and 
eliminate some now obsolete types. Ac- 
cording to Ralph Bell, director gen- 
eral of aircraft production for Canada, 
the Dominion will shortly confine itself 
to building for the Empire air forces one 
elementary trainer, one single engined 
advance trainer, one twin engined ad- 
vanced trainer, one coastal reconnais- 
ance amphibian, one bomber and one 

Establishing training schools and air- 
fields has been a tremendous task 
which had to go ahead at the same 
time that actual flying training, ground 
and administrative training was car- 
ried on at maximum efficiency. In many 
out-of-the-way places training schools 
have been built and airfields laid out 
from virgin bush or farmland. Else- 
where provincial and municipal insti- 
tutions have been turned over to the 
air force and equipped for use as ini- 
tial training schools, wireless schools, 
ground schools, etc. In recent months 
has come the additional job of finding 




facilities and equipment for the train- 
ing of the Canadian Women's Auxiliary 

The Royal Canadian Air Force does 
not lack for recruits, and to build up 
a trained reserve the Air Cadet League 
has been set up to train high school 
boys in the rudiments of aeronautics, 
navigation, signalling, aero mechanics, 
aero engines, and air force drill, as an 
after school course destined to cut down 
air force training by several weeks 
when the boys become old enough to 
join the air force. The Air Cadets 
started operations on a national scale 
with the start of the current school 
year. Meanwhile Canadian schoolboys 
have contributed to the Commonwealth 
Air Training Plan by building exact 
scale models of all types of British. 
American, German and Italian planes 
used, the work being done by the boys 
at Ottawa Technical School. The mod- 
els are used by the air force for a va- 
riety of purposes including type recog- 
nition, to point out vulnerable spots in 
enemy planes, for use as moving models 
on indoor gunnery ranges, for use in 
showing flight formations. 

Universities have during the summer 
given special radio courses to air force 
trainees, and during the present uni- 
versity year will enable students de- 
siring to join the Royal Canadian Air 
Force as air crew to take the five week 
initial training school work during the 
academic year with a two week train- 
ing camp at an air force station to 
follow next summer. The course calls 
for 200 hours of instruction. 

The Commonwealth Air Training 
Plan is now functioning smoothly, a 
vast organization set into operation less 
than two years ago. From now on it 
will turn out the maximum number of 
airmen for which it was set up, esti- 
mated to be 25,000 a year. 
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Because airplane engine manufacturers use them for production 
and army and navy air depots, transport companies and pri- 
vately owned shops all over the world use them for restoring 
original factory precision and finish, production of HALL 
ECCENTRIC Valve Seat Grinders has naturally grown with 
plane production. 

In development, too, HALL engineering has kept pace with 
aviation engineering. That's the one reason why airplane engine 
performance has been improved, valve life multiplied and 
production and overhaul speeded up. 

HALL builds or CAN build ECCENTRIC type precision valve 
seat grinders to meet YOUR requirement. Catalog and complete 
information await your request. 

THE HALL MANUFACTURING CO. 

1634 WOODLAND AVE. TOLEDO, OHIO, U. S. A. 





HALL ECCENTRIC 

IIMLL SEAT GRINDERS 
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Fig. 6 


(D/F article coin'd from page 73) 
thought to the problem. Invariably, the 
amateur at the job will just decide to 
take bearings and with no further prep- 
aration, start in. Inevitably, the result 
is confusion, wasted time taking bear- 
ings, and a fix of dubious accuracy. 

The accuracy of any position fix by 
means of radio bearings is almost 
equally dependent upon the skill with 
which the bearings are taken and the 
skill with which they are translated into 
a fix by plotting on the map. For the 
moment discussion will be limited to 
actually taking the bearings. 

Several factors enter into this opera- 
tion to influence the resultant usefulness 
of the bearings in plotting the fix. These 
should be considered prior to actually 
taking the bearings and the plan of 
operation formulated mentally so that 
the actual operation of using the direc- 
tion finder may be performed rapidly. 

First, it should be realized that a fix 
is dependent upon the intersection of 
two or more lines of bearing on different 
radio stations. With this in mind, it 
should be apparent that the two lines of 
bearing should not intersect at relatively 
small angles since a minor inaccuracy 
in one of the two bearings will result in 
a major displacement of the intersection. 
Usually it is not considered wise to take 
bearings on stations which will produce 
less than a 30 deg. or greater than a 
150 deg. angle between the intersecting 
lines of bearing. In addition, when using 
only two bearings, the angle between 
one line of position and the meridian 


should be not less than 30 or greater 
than 150 deg. This is shown diagram- 
atically in Fig. 5. 

While the selection of stations giving 
desirable angles of intersection to the 
lines of bearing is an important con- 
sideration, other factors also exist to 
influence the selection. The more distant 
the station, the wider the null is likely 
to be, and therefore, the greater possi- 
bility of bearing error exists. When 
possible, select stations within 150 miles 
which promise a relatively good null in 
preference to low-powered or distant 
stations. On the other hand, stations at 
less than 25 miles distance are not al- 
ways favorable due to the rapid angular 
change in bearing caused by the air- 
plane’s movement. This effect is min- 
imized, of course, if the station bearing 
lies within a few degrees of the nose or 
tail of the airplane. 

Having mentally selected the desired 
station, it is often wise to tune each of 
them in on the regular receiving an- 
tenna as a check prior to taking bear- 
ings. It is a good plan at this point to 
write down the identification letters and 
frequency of each station to be used. 
While some type of D/F printed log 
sheet is unquestionably a help if posi- 
tion fixes by bearings are a regular 
routine, it is probable that the average 
pilot will not be so provided. Refer to 
Fig. 6. In this event lie should not trust 
too much to his memory but should note 
down all necessary information for 
quick reference, and especially while 
taking the hearings, should not fail to 


write each down as taken. 

The final item to decide is the order in 
which the bearings will be taken. Unless 
otherwise desirable, the fastest pro- 
cedure is to take the bearings in order 
of the station frequency. This eliminates 
unnecessary cranking of the tuning con- 
trols. Sometimes, however, when a sta- 
tion is both fairly close and broadside 
to the airplane's direction of motion it 
is best to take this bearing as the second 
of three bearings so that it will coincide 
approximately with the mean time of 
the three. 

From the time taken to outline these 
factors which must be considered before 
taking the bearings, it might appear that 
it is necessary to deliberate at great 
length each time it is desired to take a 
fix. In practice, just the reverse is true. 
Usually, if the approximate position of 
the airplane is known from dead reckon- 
ing, a very brief inspection of the map 
will immediately suggest desirable sta- 
tions to use. Checking their reception 
prior to actually using the direction 
finder is not always necessary; yet, 
whenever any doubt exists that the de- 
sired stations may be picked up, it is a 
sensible precaution. In other words, 
what is being recommended, is that 
everything possible be done prior to 
actually taking bearings to insure that 
they will be accurate and useful. The 
more of these items which can be de- 
cided upon ahead of time, the less time 
will be needed with the direction finder. 
This is an important consideration since 
the longer the time needed to take bear- 
ings, the greater will be the error in the 
fix caused by the airplane's movement. 

Technique With Direction Finder 

Provided proper thought has been 
given to the problem beforehand, the 
actual operation of taking sufficient 
bearings for a fix is a relatively simple 
matter. The two most important points 
in taking the bearings are to obtain as 
accurate a null as possible on each sta- 
tion. and secondly, to complete the 
whole operation without waste of time. 
With practice, it should be possible to 
obtain three bearings within a total 
elapsed time of two minutes. 

Since the operation of taking three 
bearings on three different stations may 
be considered the most difficult case met 
in practice, a suggested technique for 
accomplishing this rapidly is as follows: 

1. Note and write down the mag- 
netic heading of the airplane. Hold this 
as accurately as possible while taking 

2. Tune in the station on which the 
first bearing is to be taken. This may 
be done using the standard antenna — 
or, if the approximate direction to the 
station is known, on the loop. If the 
station is tuned in on the loop, care 
must be exercised that the maximum 
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'Most Mechanics of [ff 


"In Chicago and Kansas City," continues Mr. Johnson, 
"at our Dallas operations base, in Houston, San Antonio, 
Corpus Christi and other Texas cities served by us . . . 
Snap-on Tools have proven themselves adaptable to both 
minor repair and major routine overhaul operations.” 


Thus another famed air-line adds its testimony to the BNtNfff mechanics rely on Sn ap ous for all i mportant engine operatic i 

utility and high quality of Snap-on a nce have been tool standards for the past twenty-two years. 



SNAP-ON TOOLS CORPORATION, 8020-K 28th Avenue, Kenosha, Wisconsin 
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position of the loop is pointed in the 
general direction of the station so that 
the signal will be heard. Make station 
identification positive by waiting for 
the identification signals. 

3. Using as high a volume level as 
practical, obtain a null bearing on a 
station. Write this down and the time 
of obtaining it, 

4. Tune in the second station as was 
done for the first. Make identification 
positive and obtain the null. Write the 
bearing down. (The time does not need 
to be taken.) 

5. Repeat as above for third station 
and note the time third bearing was 
obtained. 

6. Using the time of the first and 
third bearings, mentally calculate the 
mean time. This will be used as the 
time of the fix. 

In actual practice, it is not always 
easy to decide exactly where the null 
comes on the azimuth dial. As ex- 
plained in a previous article, the higher 
the signal level the narrower will this 
zone of null be. Nevertheless, it is sel- 
dom a definite point. To obtain a dial 
reading that will be used as the bear- 
ing, the loop should be slowly rotated 
through the null zone and the two read- 
ings at which the signal becomes 
audible, noted. Taking the mid-point 
between these usually gives an accurate 
bearing. 

Frequently, the atmospheric noise 
level prohibits the use of a high vol- 
ume. If so, a wide null may be split in 
the manner just explained. It will be 
accurate as long as the two readings 
defining the width of the null are care- 
fully obtained. 

A common fault often observed with 
beginners in taking bearings is that 
too much time is wasted in trying to 
decide the exact location of the null. 
While precision is an asset, probably 
it will not be gained by indecisive ro- 
tation back and forth through the null. 
One or two trials at most should be 
sufficient. 


Any bearings taken which are con- 
sidered of doubtful value should be noted 
as such. While a pilot in flight can 
remember this if he is plotting it him- 
self, it is necessary that the man on 
the ground be definitely advised of 
doubtful bearings if the position is to 
be plotted by ground personnel. 

Plotting ot Fix 

As previously explained, a position 
fix by D/F bearings is determined by 
the intersection of two or more radio 
lines of bearing. Since a fix represents 
a definite geographical position over the 
earth’s surface, it is always determined 
by some method of graphical plotting 
on a chart representing the proper area 
of the earth. 

All methods of plotting are directed 
toward the same goal — find the spot 
where the given lines of bearing inter- 
sect. One very simple system of plot- 
ting bearings is to convert each relative 
bearing as read from the azimuth 
scale, to a true bearing and draw these 
as lines of position on any suitable 
chart. Refer to Fig. 7. 

A pilot flying in the vicinity of point 
P determines the relative bearing of 
station A as 306 deg. and the relative 
bearing of station B as 60 deg. The 
magnetic hearing at the time is 90 deg. 
Variation 5 deg. west. 

First, the true heading is found to 
be 85 deg. (90-5). The true bearing on 
station A is 31 deg. (85 + 306 — 360), 
and on station B is 146 deg. (85 + 60). 

He is uncertain of his position but 
assumes he is near the point P. The 
true bearing of station A is plotted on 
the chart at the meridian nearest the 
assumed position by moving the pro- 
tractor along the meridian until the 
line of bearing passes through the radio 
station. In similar fashion, the line of 
bearing to station B is plotted. The 
intersection of the two lines of bear- 
ing gives the fix at W. 

A variation of this method of plot- 
ting a fix makes use of special radio 
direction finding charts printed by the 
U. S. Coast and Geodetic Survey office. 
These, like the sectional and regional 
aeronautical charts, are constructed on 
the Lambert projection at a scale of 
one to two million. See Fig. 8. 

Around each radio range station is 
printed a special compass rose oriented 
to magnetic north instead of true north. 
These compass roses are intended pri- 
marily to allow plotting the lines of 
bearing from the radio station rather 
than at the meridian nearest the 
assumed position as above. To do this 
with an ordinary map, the geographical 
bearings as taken at the airplane must 
be converted arithmetically to recipro- 
cals (add or subtract 180 deg.). On 
these D/F maps the outer figures of 
the compass rose provide this con- 


version to reciprocals directly, thus 
saving time and eliminating errors in 
arithmetic. The following example will 
illustrate the use of these charts. 

The pilot takes three relative bear- 
ings as follows : Cincinnati 280 deg. : 
Goshen 350 deg.; and Detroit 70 deg 
The magnetic heading is 280 deg. ; vari- 
ation is 3 deg. west. 

Since the compass roses on the map 
represent magnetic directions, the rela- 
tive bearings need only be converted to 
magnetic rather than true bearings 
These are Cincinnati 200 deg. (280 -+ 
280 — 360) ; Goshen 270 deg. (280 » 
350 — 360); and Detroit 350 deg 
(280 + 70). 

To plot, refer to Fig. 8. Using tlir 
above magnetic bearings and the outei 
numbers on the compass rose at each 
station, construct three lines of bearing 
as shown. These three lines of bearing 
do not intersect at one common point, 
but form a small triangle. This is due 
to the movement of the airplane while 
the bearings are being taken. If this 
triangle appears overly large, the most 
probable position of the airplane is at 
the center of the triangle. 

The method of plotting described with 
these special charts can be considered 
the most practical. A small amount of 
error is introduced, however, by not 
allowing for the convergence of 
meridians and the difference between 
the magnetic variation at the radio sta- 
tion and the variation at the airplane. 
If extreme accuracy is desired, these 
must be considered. This is explained 
on the chart itself. 

Threo-arm Protractor Position Plotting 

The chief fault of the two methods of 
plotting positions which have just been 
described is that they arc difficult to 
perform in the cockpit of the average 
airplane. For plotting positions in the 
cockpit, a special three-arm protractor 
of the type shown by Fig. 3 is recom- 
mended. (See Part I of this article. 
July 1941.) American Airlines has de- 
veloped this for use in conjunction with 
a special direction finding strip map. 
The mileage scales stamped on the arms 
of the protractor match the scale of the 
charts (1 inch — 24 miles). A separate 
chart is made up to cover each section 
of the country flown by this company. 
Also to facilitate use in the cockpit the 
charts are mounted on a special plotting 
board which allows the portions of the 
map not being used to be rolled out of 
the way. 

The use of the three-arm protractor 
is extremely simple. Fig. 3 shows this 
instrument as set to duplicate the plot- 
ting of the same fix shown in Fig. 8. 
To set up any problem on this pro- 
tractor, it is only necessary to realize 
that the base plate, A, when properly 
oriented on a chart, represents a com- 
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|UILT to meet the Navy’s demand for a dive bomber that will 
) out-perform all other planes of its type, this powerful new 
vo -place Curtiss bomber embodies many noteworthy features. 
The finishing materials, as usual, are Berryloid. 
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"AT HOME” 


IN THE NEW HOME OF THE 


CYCLONES 



Holley is actively cooperating in the 
tremendously expanded effort of the 
Curtiss -Wright Corporation in the 
interest of National Defense. 

The 1700 H. P. Wright Cyclone 
Engines, now being produced in the 
new 50-acre Cincinnati Wright plant, 
are equipped with Holley Model 
168 5 H Carburetors. 

HOLLEY CARBURETOR CO. • AVIATION DIVISION - DETROIT, MICH. 
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which require arithmetical conversion 
from relative to magnetic or true bear- 
ings and computation of reciprocals. 

A running fix is obtained by taking 
bearings on either the same or different 
stations with a time interval elapsing 
between the bearings. 

When two different stations are used 
the running fix differs very little from 
the instantaneous fix other than allow- 
ance must be made for the movement of 
the airplane during the time between 
the first and second bearing. If the time 
interval is three minutes or less the 
mean time is used for plotting both 
bearings and thus an instantaneous fix 
is achieved. Only when the time inter- 
val between bearings becomes of suffi- 
cient importance to appreciably affect 
the accuracy of the fix is the running 
fix resorted to with two bearings. First 
the line of position obtained from the 
first bearing is plotted for the time it 
was taken. It is then advanced in a 
direction and distance corresponding to 
the assumed movement of the airplane 
during the time interval to the second 
bearing. The intersection of the second 
bearing's line of position with the first 
carried forward becomes the fix. 

Another type of running fix is pos- 
sible by taking successive bearings on 
one station. Referring to Fig. 9, one of 
the several variations of this method is 
shown. For those mathematically in- 
clined, it will be apparent that a solu- 
tion of a right triangle is the basis of 
this particular procedure. 

Assume a pilot desires to establish 
the direction and distance from his 
position to a station which lies to one 
side of the course being flown. The 
method is as follows: 

1. Using the track being made good, 
set the loop null position so that a bear- 
ing will be obtained on the station 
with the pointer at 90 deg. to the track. 
In Fig. 9 the pointer will be set to 280 
on the loop azimuth scale. 

2. Note the time the null is received. 
The airplane is then at position A in 
Fig. 9, or exactly broadside to the 

3. Maintain the same heading and 
track for two, three, or five minutes. 

4. At the end of whatever time inter- 
val selected, rotate the loop to obtain 
the new bearing. Note the number of 
degrees of null change this is from 
position A. 

5. Calculate the distance flown dur- 
ing the time between the first and sec- 
ond bearing (positions A and B). This 
is easily done on any calculator by 
using the assumed groundspeed and the 
time flown. This figure becomes the 
length of side AB of the triangle. 

6. The angular change in bearing be- 


tween position A and B is the same 
angle as angle ASB of the right tri- 
angle. Using this angle and the length 
of the side AB just calculated either or 
both sides AS or BS can be found. 
This operation is also easily done on 
any navigational computor by simply 
solving for a right triangle. 

7. Side AS becomes the distance at 
which the station is passed broadside 
and BS the distance to the station at 
the completion of the run. 

8. After converting the second bear- 
ing obtained to a true bearing, a line of 
position from B to the station may be 
plotted. The calculated distance BS 
completes the fix. 

As shown by Fig. 9, a typical problem 
of this type might work out as follows : 

The magnetic heading is 80 deg. 
while making good an assumed track of 
90 deg. The assumed groundspeed is 
120 m.p.h. Setting the loop to obtain a 
null when the airplane is due south of 
the station gives a relative bearing of 
280 deg. at point A. Three minutes 
later at B the relative bearing is 250 
deg. Solution : 

1. Three minutes at 120 m.p.h. makes 
side AB 6 miles. 

2. Angle ASB is 30 deg. (280 — 
250). 

3. Solving for the unknown sides of 
the triangle with a computor (or any 
other means desired) gives side AS as 
approximately 10.5 miles and side BS 
as approximately 12 miles. 

4. Convert the relative bearing of 
250 deg. to a magnetic bearing of 330 
deg. This allows the line of bearing SB 
to be plotted on the chart. Scaling off 
the calculated distance SB 912 miles 
completes the fix. 

While the above method of obtaining 
a running fix is only one of several 
similar procedures, it may be considered 
representative of the general idea. All 
are based upon finding the angular 
change of bearing which takes place on 
one station while passing it on a steady 
heading and speed. Likewise, in all 
cases the solutions are based upon the 


solution of some type of triangle. 

The primary advantage of all such 
procedures as that just described is that 
reception on only one station is needed 
to obtain a fix. The particular method 
selected for explanation also offers a 
very simple and practical means of de- 
termining distance from a station. It 
will be apparent that this procedure can 
be effectively used in conjunction with 
a loop orientation of the pointer pro- 
gression type. 

The obvious disadvantage of such 
procedures is the probable errors that 
are introduced in the fix if the assumed 
groundspeed and track are inaccurate. 

For anyone desiring additional pro- 
cedures of this type reference is sug- 
gested to any modern text on marine 
navigation practice with the pelorus. 


TWA Painting 

( Continued from page 63) 


For example, refinishing of plane in- 
teriors is done at the end of 5,000 
hours, and at the same time plane ex- 
teriors are stripped down to the metal 
and all insignia completely repainted. 

There are other details of our paint- 
ing maintenance work which may in- 
terest other operators or government 
services. For example, our plane wash- 
ing and waxing system is worked out 
to spread the labor costs along the 
line — wings are washed and waxed in 
New York, fuselage in Kansas City and 
tail surfaces in Los Angeles. Our 
main base at Kansas City does all major 
maintenance and painting, the other 
terminal stations and sub-bases limiting 
their painting work on planes merely 
to touch-up. Even so, we keep a five- 
man painting crew even at our New 
York sub-base, which indicates the 
amount of painting involved in a pro- 
gram designed to keep 43 air-liners 
and all their equipment in tip-top shape. 
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Great castings of yesterday 



rOURSt 


C RAFTSMANSHIP and "knowing-how” 
plays just as important a part today, 
as it did years ago. 30 years of experience 
with aluminum castings under an extremely 
wide variety of conditions enable us to 
meet every demand for sand and perma- 
nent mold aluminum castings. Alloys pro- 
duced in accordance with Army, Navy, 
S. A. E. and A. S. T. M. specifications. 

The time will come when all the needs of 
the defense program have been met. Then 
American industry will again turn to the 
improvement of living standards. Alumi- 
num again will play an important part. 
We are pioneers in aluminum castings — 
we have kept abreast of improvements and 
developments — we shall continue to do so. 
Heat Treating — Complete metallurgical 
laboratory including x-ray equipment. 


THE NATIONAL BRONZE AND ALUMINUM FOUNDRY CO. 

EAST 88TH AND IAISY AVENUE • CLEVELAND, OHIO 




AVIATION. Nov.mbor, 


Better Service from Aircraft Cable 

(Continued from page 79) 


Strictly accurate figures and curves 
showing the stretch of aircraft cable 
under varying loads were not consid- 
ered essential until recent months and, 
consequently, few really accurate lab- 
oratory tests were made, and even fewer 
were made available to the aircraft in- 

It is. therefore, easily understand- 
able why many aircraft engineers are 
not now thoroughly conversant with 
this subject at a time when the empha- 
sis on increased plane speed and maneu- 
verability requires an accurate knowl- 
edge of cable stretch characteristics. Re- 
cently very accurate stretch tests have 
been made, but their interpretation and 
application to specific problems require 
a general knowledge of types of cable 

Cable stretch may be divided into two 
types, constructional stretch and clastic 

Constructional stretch is due to the 
initial "seating” of the individual wires 



and strands and is largely eliminated 
after the application of an original load. 
The general practice of pre-stressing 
cable immediately before installation, is 
for the purpose of eliminating this con- 
structional stretch, and this practice is 
required by Army and Navy Specifica- 
tions which call for an applied load 
of 60 percent of the cable breaking 
strength maintained for a minimum 
period of three minutes and then in- 
stallation without subsequent recoiling. 

It is very important, if the full bene- 
fit of pre-stretching is to be realized, 
that cables be installed immediately 
after this operation with a minimum 


of handling and flexing. The practice 
of pre-stretching cables with very pre- 
cise apparatus for accurately controlled 
periods of time and then tossing the 
cables to the ground where they as- 
sume coiled positions and are kicked 
around for hours before being installed, 
eliminates practically the entire effect 
of pre-stretching. Likewise, the prac- 
tice of pre-stretcliing, then subsequent 
coiling and carrying by only one man, 
eliminates much of the effect of pre- 
stretching. 

Numerous laboratory tests have shown 
that approximately 75 percent of the 
initial constructional stretch in a cable 
is returned to the cable once it has 
been loosely coiled after pre-stretching. 
Therefore, if constructional stretch is 
not to be a factor after installation, 
reasonable care must be exercised to 
reduce cable handling and flexing to 
an absolute minimum between the time 
of pre-stretching and the time of in- 
stallation. 

Elastic stretch is due to the inherent 
property of the steel wires to stretch 
under load. This type of stretch which, 
of course, cannot be measured inde- 
pendently of the small residual con- 
structional stretch always present after 
pre-stretching, is shown in Fig. 7 
plotted against load for £ in. cable. In 
general, the modulus of elasticity of 
tinned aircraft cable runs between 18.- 
000,000 and 23,000,000 p.s.i. for all 
sizes of cable from A in. to A in. in- 
clusive. In other words, a 30 ft. length 
of i in. diameter 7x19 Preformed tinned 
aircraft cable, after proper pre-stretch- 
ing and subsequent loading to 20 per- 
cent of its breaking strength, will 
stretch .92 in. This stretch must be 
allowed for when control surface de- 
flections and stick loads and movements 
are being calculated. (For accurate em- 
pirical curves on cable stretch for all 
sizes of cable, write to the author in 
care of American Chain & Cable Com- 
pany, 230 Park Avenue, New York 
City.) 

It must also be recognized, when 
calculations are being made for cable 
stretch, that allowance must be made 
for the stretch in splices when cable 
end splices are used. The amount of 
stretch in splices is considerable. In 
fact, tests have shown that in an av- 
erage cable assembly with thimble 
splices on each end, fully half of the 
stretch observed under normal loading 


was due to the seating of the tucks in 
the splice, and this was not entirely 
removed by pre-stretching. 

Of course, use of the swaged type 
cable end, which replaces the splice, 
eliminates the necessity for estimating 
splice stretch, since the swaged type 
cable end does not stretch. It is for 
this reason, coupled with many others, 
that on all Army and Navy planes the 
swaged type cable end is used exclu- 
sively. It is also being used, or is 
fast replacing, the spliced end on other 
classes of planes. 

The swaged type cable end, or Tru- 
Loc fitting as it is commonly called, 
(See Fig. 8) was developed by the 
American Chain & Cable Co. It is 
attached to cable by a patented swaging 
process which actually cold flows the 



metal in the shank of the fitting into 
the interstices of the cable. Thus, a 
100 percent efficient bond is assured 
and slippage or stretch is prevented. A 
properly attached Tru-Loc fitting will 
definitely develop the full rated break- 
ing strength of the cable to which it 
is attached. In fact, it is required by 
specifications to do so. This is to be 
compared with the thimble splice which 
C.A.A. rates as being only 85 percent 
efficient and which will stretch con- 
siderably under load. With its many 
other important attributes, such as its 
light weight, its small size, its pre- 
cision design, its economy, etc., the 
Tru-Loc fitting certainly deserves the 
ever-increasing prestige it is gaining. 

It is apparent from the above that the 
type of end connectors used on aircraft 
cable assemblies is equally as impor- 
tant as the proper application of the 
cable itself. ^ Therefore, in designing 
cable assemblies, consideration must be 
given to the type of end connectors 
as well as to the general reeving of 
the cable in order to insure the best 
possible cable assembly performance. 
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INSTALLATION AT NEW L0CKLAND PLAI 


• Precious time is gained by Wright 
Aeronautical Corporation through com- 
plete control of test cell fires. An instal- 
lation of Cardox nozzles and piping 
from the Cardox supply tank gets cold 
carbbn dioxide onto an engine blaze sc 
promptly that damage is minimized. 
Usually testing can continue without 
delay. There is no clean-up nor cool-ofl 
time to lose and extinguishment by 
cold CO2 is so effective that even blaz- 
ing demonstration fires allowed to get 
up headway are wiped out in a white 
cloud in a matter of seconds. 

Wright- Aeronautical Installation 
At the new Lockland, Ohio plant 
Cardox protection is built in for 66 pro- 
peller test stands, two carburetor stands 
and four dynamometer stands with the 
corresponding control rooms for each. 
Discharge is operated manually from 
the control room desk, and pipe sizes 
are adequate to extinguish four test 
cell fires at once. 

Many Other Hazards Covered 

This Cardox System is not limited to 
test cell fires. The carburetor laboratory, 
remote from the main building, and the 
separate oil storage and reclaim build- 
ing are covered by Cardqx total flood- 
ing for rooms with capacities up to 
140,000 cubic feet. In these hazards 
fully automatic fire detection, pre-dis- 
charge alarm, and CO2 release are em- 
ployed. 

CARDOX CORPORATION 

Bell Building, Chicago, Illinois 
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Hydraulic Pumps 


However, a new problem now pre- 
sented itself to the airplane industry and 
consequently to the hydraulic engi- 
neers. This involved weight control. 
Heavier and faster airplanes necessarily 
must have substantially heavier landing 
gear, and, thus, larger and heavier land- 
ing gear actuating cylinders. In many 
cases these cylinders are 44 to 6 inches 
m diameter and weigh up to 25 pounds 
each empty. Dive flaps also require actu- 
ating cylinders of similar tremendous 
proportions. The problem is not alone 
that of weight, but of the space reqnircd 
to house these large cylinders in the 
crowded modern military airplane. The 
-pace allowed is actually prohibitive for 
efficient installation, and the problem 
could only be solved by making still 
more demands on the pump by boosting 
its output pressure. 

Inasmuch as the force resulting from 
an actuating cylinder is the product of 
the pressure applied to the face of the 
piston and the square of the piston diam- 
eter, it is obvious that increase in pres- 
sure will rapidly decrease the cylinder 
diameter, resulting in smaller and lighter 
units. It has also been shown that the 
quantity of oil varies inversely with the 
pressure for the same horsepower, and 
the pressure drop through hydraulic 
lines for the same efficiency varies di- 
rectly with the flow. Consequently, this 
results not only in the use of smaller 
cylinders but also smaller line sizes, and 
thus lighter weight in quantity of oil 
carried as well as small actuating units. 

The question which now faces us is 
how high a pressure one can work to 
and what arc the limiting factors. Here 
again we come to the pump since it is 
here that the pressure must be pro- 
duced. Gear pump manufacturers have 
been able to produce pumps which will 
produce 1500 pounds per square inch by 
tightening tolerances and refining mate- 
rials. Above this the stall leakage makes 
their use prohibitive. Studies made by 
some of our leading airplane manufac- 
turers indicated that the best results 
could be attained by working at pres- 
sures from 3000 to -1000 pounds per 
square inch. This means that the gear 
pump, so commonly used, must be re- 
placed by another type. 

The Pump Engineering Service Com- 
pany of Cleveland, O., and Vickers Inc. 
of Detroit, have developed and are now- 
producing in limited production, a mul- 
tiple piston type pump which will oper- 
ate efficiently at 2000 pounds per square 
inch. The Dowty Equipment Company 
is producing a multiple piston pump of 
entirely different design which also will 


protluce 200U pounds per square inch 
and will unload itself at peak pressure. 
Eclipse Aviation Corporation produced 
a multiple piston pump, capacity of 
3,000 pounds per square inch for the 
Douglas DC-4, and at the present time 
have this ptnnp under additional develop- 
ment. The Sitnmonds Aeroccssories Inc. 
in New York City has now under devel- 
opment a multiple piston pump which 
has proven effective operating at 4000 
pounds per square inch with the added 
feature of unloading itself at peak pres- 
sure. All these manufacturers are deep 
in research in boosting tile characteris- 
tics of their products, and this will un- 
doubtedly result in a complete solution 
of the high pressure problem in a short 

With aircraft hydraulic pumps at the 
peak of interest in the aircraft industry, 
it would be wise at this time to dis- 
cuss the various types of hydraulic 
pumps in use in this industry today, ex- 
plain their functional differences, the 
advantages of each and their methods 
of construction and operation. This 
may result in a better understanding of 
the problems in pump design and bring 
about a closer relationship between the 
pump manufacturer anil she rest of the 
industry. 

Inasmuch as the general aircraftman 
knows little or nothing of this subject, 
it would be well to start with funda- 
mental principles and requirements. 

The ideal pump must be light in 
weight, compact in size and highly effi- 
cient. Delivery of oil must be as free 
of pulsations as possible ; and the putnp 
must be capable of operating under high 
speeds without heating excessively un- 
der constant operation using a low vis- 
cosity fluid with practically no lubricat- 
ing qualities. It must operate effectively 
through temperatures ranging from 150 
degrees F. above zero to 67 degrees F. 

ditions ranging from sea level to 40,000 
feet without cavitation or air inclusion. 
Although in most cases the pump is di- 
rectly mounted on the engine and is, 
therefore, always operating at engine 
speed, a means must he provided either 
in the pump itself, or by external unit, 
to unload the pressure in the pump and 
to pass the fluid directly to the reservoir 
at no appreciable pressure. At the same 
time the system pressure must be main- 
tained so that high pressure is always 
available when actuation of the hy- 
draulic mechanisms is started. 

Since the motive force to operate the 
pump is in most cases the aircraft en- 
gine, a study must be made as to the 
power required to operate the pump at 
its full capacity. It has been found that 
the power required depends on the num- 
ber of mechanisms which are being op- 
erated, Aside from the landing gear 
and possibly the gun turrets the power 


required is very small. It would, there- 
fore, follow that the size of the pump is 
determined largely by the landing geai 
operating units. Fig. 1 shows a curve of 
fluid horsepower corresponding to va- 
rious deliveries and pressures. 

In general there are four classifica- 
tions of fluid pumps. Every fluid pump 
will fall into one of these classes. In 
turn each of these classifications can be 
subdivided so that a general outline of 
fluid pumps can be made as follows: 





For the purpose of breaking this sub 
ject into two general groups to be dis- 
cussed in two succeeding issues, this 
particular article will be confined to the 
discussion of Positive Rotary Pumps. 
Of these, the gear pump is by far the 
most widely used type and sufficient 
space should be devoted to cover its con- 
struction and operation. 

In general the gear pump consists of 
two revolving gears, one of which 
drives the other. The clearances be- 
tween the gear teeth are held very 
closely as arc the fits between the gear 
outside diameters and the periphery of 
the housing in order to obtain highest 
efficiency. Fig. 2 illustrates the arrange- 
ment of the gears in their housing and 
this figure also demonstrates the gear 
pumping principle. 

The Gear Pump operating principle is 
as follows: (Reference Fig. 2) 

The upper gear is connected by mean- 
of a universal joint coupling to a male 
spline shaft which fits into a female 
driving spline in the accessory case of the 
aircraft engine or electric motor (See 
Fig. 3). The lower gear floats in a 
closely fitted housing and is driven by 
the upper gear. The diameters of both 
gears as well as their thickness and 
tooth form are equal in every respect and 
should be interchangeable with each 
other. The fits between both gears 
with their housing should be same at 
about .002 inches clearance. The rotat- 
ing action of the gears creates a suction 
in port A, drawing the fluid into the 
pump as shown in View 1 of Fig. 2. 
From here the fluid is carried between 
the teeth of the gears around their 
periphery as shown in View 2 of Fig. 2. 
It is then carried to the opposite side of 
the pump and discharged through port 
B since the meshing of the gear teeth 
(Turn to next page) 



Almost as big a problem as manu- 
facture itself is the maintenancing 
of America's air fleet once it has 
been put into service. 

Airplane designers know the ravag- 
ing effect of dust and grit on gaso- 
line motors, and are now providing 
air filters to protect airplane engines 
after they have been put into serv- 
ice. Engine failures due to 
wearing and scoring of cylinder 
walls cost millions of dollars for 
motor rebuilding — not to men- 
tion the loss of flying hours while the 
planes are grounded. 

Properly engineered air intake filters 
are a solution to this latest defense 
headache. The American Air Filter 
Company in cooperation with air- 
craft engineers has developed a line 
of engine intake filters which not 
only meet airplane construction re- 
quirements but specifications of the 
Army Air Corps as well. Write for 
complete information and free tech- 
nical Report No. 306. 

AMERICAN AIR FILTER CO., INC. 

307 Central Ave. Louisville, Ky. 




Write for 
complete 
information 


FILTERS FOR AIRPLANE ENGINES 


( Continued from page 172) 
forces the liquid out as shown in View 3 
of Fig. 2. This results in a smooth, 
even flow of fluid, the>'rate of which is 
dependent only on the speed of the ro- 
tating gears. The flow is almost 100% 
in volumetric efficiency at maximum 
pressures, but the System has the disad- 
vantage of being rather noisy at very 
low pressures. 

The gear pump is considered to be of 
the positive displacement type because 
all the fluid entering the pump must 
|eave by the discharge port as the gears 
htesh. The fluid cannot churn around 
inside the body or work its way between 
&S meshing of the gear teeth. Also 
t%Vtypc of unit must be a constant 
delivery pump as it is not possible to 
jvary the output except by changing the 
width of the gears, or changing their 
diameters. This, of course, means that 
a complete new pump design is neces- 
sary for every change in output inas- 
much as the close fits required in this 
pump do not allow for dimensional 
changes of any single working part. 

Nearly all gears used in hydraulic 
gear pumps are simple Spur gears. 
However, Herringbone gears can be 
used to boost the efficiency of the pump 
and to cut down noise. The cost of the 
Herringbone gear, which is “V" shape 
across the face, is excessively high and 
its advantages do not warrant its high 
cost in any appreciable application. 

To date the gear pump has been 
the principal source of hydraulic 
power supply by the aircraft industry 
in the United States. This type pump 
can be made easily and cheaply, but i t* 
high efficiency and high pressures are 
desired, its disadvantages become ap- 
parent. Although the clearances around 
the periphery of the gears and housing, 
and between the gear ends and 'tt)e cas- 
ings, are held to a minimum, there is a 
certain amount of leakage at these sur- 
faces which increases with higher pres- 
sures. The light alloy castings from 
which the housing are made have a 
high coefficient of expansion requiring 
greater clearance under higher tempera- 
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breakage. 

The Pump Engineering Service Com- 
pany of Cleveland, Ohio, has done much 
in the development of gear pumps 
used in the aircraft hydraulic industry 
to date, and it is supplying by far the 
great majority of this type of pump used 
in the aircraft industry for hydraulic 
actuation. Fig. 4 shows a three-quarter 
view of this pump. A cut away section 
of the same unit is shown in Fig. S. In 
this illustration one can see the arrange- 
ment of the gears in their housing as 
well as the bearings and general bearing 
and sealing members. A cross-section 
of the pump is shown in Fig. 6. In this 
drawing, which is typical of all the gear 
pumps in the industry, the detail of all 
the parts which constitute the pump can 
be easily seen. The same type of pump 
is also supplied hy the Eclipse Aviation 
Corporation and is used in large quan- 


draulic power operation of flaps and 
landing gear. 

With reference to Fig. 6, it should be 
noted that the pump is constructed as 
follows: a pair of closely meshed steel 
gears contained in a bronze liner which 
is pressed into an aluminum alloy hous- 
ing. The upper gear is connected by 
means of an Oldham coupling to a 
driveshaft which is held in position by 
a closely fitted bearing to an adapter 
housing fitted to the pump housing. 
This adapter is fastened directly to the 
engine accessory case or to an electric 
motor (as shown in Fig. 3) which has 
a driving member to fit the driveshaft. 
The gear is bored to incorporate a ball 
check valve so that the seal will be 
kept primed with oil and thus prevent air 
from being drawn into the pump. Any 
oil which may bypass around the gear 
shaft can be drawn out through the 
check valve into two drilled holes lead- 
ing to the intake port drilled in the pump 
cover. The cover is an aluminum alloy 
casting drilled on one side and fitted with 
two removable bronze bushings. Two 
ports are tapped on the outside and 
designated as intake and outlet ports. 

Hydraulic balance is accomplished by 
placing the suction and pressure ports 
in quadratic arrangement so that two 
suction, and two discharge ports, are 
diametrically opposite each other. Per- 
formance curves for these pumps are 
given in Fig. 7. 

The second type of gear pump is 
known as the Gerotor pump. It has 
been widely used in the industrial ma- 
chine tool and oil burner industries 
for many years and was introduced into 
the aircraft field in 1935. An example 
of the Gerotor type pump made by the 
Eclipse Division of Bendix Aviation 
Corp. is shown in Fig. 8. The perfor- 
mance curves of this pump are shown 
in Fig. 9. This pump operates satis- 
factorily at pressures up to 1,000 pounds 
per square inch at 4,000 r.p.m. Output 
is directly proportional to speed and is 
but little affected by pressure. 

The construction of the Gerotor pump 
is as follows: The rotor which is an 
internal gear with special tooth form is 
fitted closely into a steel or bronze liner 
which in turn is pressed into an alumi- 
num alloy housing. A spur driving gear, 
having one tooth less than the internal 
gear, is set eccentrically into the inter- 
nal gear. The width of both gears is 
exactly the same and the clearances be- 
tween the teeth when meshing are held 
very close. The internal gear and its 
housing and the drive spur gear are 
sandwiched between two cast iron plates 
in which are the intake and outlet ports. 
These plates are held to close tolerances, 
allowing clearance between them and the 
rotating gears of about .005 square 
(Turn la next page ) 
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inches. The driving gear is keyed to a 
drive -shaft which is mounted in a sturdy 

a front housing that can be mounted 
directly to the accessory case of the 
engine. The rear housing also supports 
the drive shaft by means of a needle 
bearing and is drilled and ported to take 

whole unit is then bolted together in a 
sandwich with very thin or no gaskets 
between the sandwiching members. See 
Fig. 10. Cross Sectional Diagram of 
Gerotor Pump. 

The pumping principle is rather sim- 
ple. The intake and exhaust ports as 
seen in Fig. 8 arc diametrically oppo- 
site and moon shaped. Their length 
is determined by the travel of the gear 
teeth in meshing and unmeshing over 
them. The fluid is sucked into the pump 
as the gears pass over one port and is 
carried over to the opposite side of the 
pump where the meshing of the gears 
forces the fluid out of the discharge 
pump. As the gears travel around them 

over the intake port and again the fluid 

This tvpe pump is compact and quite 
small. The Gerotor has the drawback 
common to all gear pumps. It has lim- 
ited maximum pressures, and is sus- 
ceptible to damage by dirt or gut in the 
fluid due to the fine tolerances. 

The Vane type pump, illustrated in 
Fig. 11, has not found many applications 
in the aircraft hydraulic industry be- 
cause of its inherent defects under high 
pressure. The pump is highly efficient 
under low pressures and has found many 
applications in the aircraft industry 
where pressures above 400 pounds per 
square inch are not required. Its great- 
est application, however, is in use as a 
fluid generator or motor where pressure 
from the system drives the motor which 
is coupled directly on to a fuel pump. 

Fig. 11 illustrates a cross-section oi 
the Vickcrs-Vane pump. This pump 
consists of a slotted rotor in which is 
inserted a multiple number of flat steel 
blades. Instead of the rotor being ec- 
centric to the housing as in conven- 
tional arrangement, the rotor is con- 
centric with the pump but the vanes 
ride along an eliptically shaped hardened 
steel casing. Rotor blades' widths 
are held to the same thickness as the 
rotor and in some cases are surface 
ground together to insure exact thick- 
ness. The casing is held from .002 to 
.003 inches thicker than the rotor and 
blades. These parts are sandwiched be- 
tween two bronze liners containing the 
port slots and these are again sand- 
wiched with the outer duraluminum 
housing which contains the intake and 
outlet ports. This whole assembly is 
held together by means of through bolts 
carrying through the various layers. 
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kind of work required is all important. 
Where parts or assemblies of large size 
are involved, prime contractors might 
well consider the wisdom of providing 
scale models, photographs and simpli- 
fied diagrams. Visiting subcontractors 
at the table of Curtiss-Wright Propeller 
Division were able to handle actual 
parts of the Curtiss Electric variable- 
pitch propeller and quickly decide the 
possibilities of being able to make it. 
These decisions were not so easy for 

brought only blueprints and specifica- 


In this connection, Floyd B. Odium, 
recently appointed Director of the new 
Contract Distribution Division of OPM, 
announced preparations are underway 
to conduct a great number of defense 
production clinics in numerous indus- 
trial centers. In addition, traveling ex- 
hibits will be transported from point to 
point to reach operators of small fac- 
tories in every part of the country. Such 
industrial centers as New York, Chi- 
cago, St. Louis, Philadelphia, Cleveland 
and San Francisco will be selected for 
permanent exhibits in which the "bh» 
and pieces" shown will be changed from 
time to time as different and ever- 
changing needs develop. 

Odium is approaching his task along 
three principal lines. 

(1) Action through the Government's 
purchasing divisions in breaking up 
large contracts and in promoting sub- 
contracting in other ways. 

(2) Finding ways to assist prime con- 
tractors in distributing larger portions 
of the orders they are now filling to 

(3) Organizing and mobilizing 
smaller manufacturers so that they will 
know what they can do and how to go 

He considers most urgent the problem 
of converting to defense production fac- 
tories being cut off from civilian pro- 
duction on account of shortages of raw 
materials and priorities. 

One of Mr. Odium’s first acts was to 
request 56 companies holding major 
defense contracts to appoint their ablest 
executives to take charge of subcon- 
tracting to small enterprises and act as 
liaison oflicers between their companies 
and his division. 

The work of the division is being 
decentralized as much as possible so 
that no small manufacturer need feel it 
necessary to go to Washington. The 39 


field offices taken over from the former 
Defense Contract Service are being ex- 
panded daily and soon will number over 
100. To be organized along state lines, 
each state will have a main office with 
others reporting to it, depending on the 
amount of industrial facilities in the 
area. The field offices will cooperate 
closely with all state agencies working 
toward the same objective and in all the 
principal offices there will be representa- 
tives of the Army, Navy and Labor 
Division. 

The War and Navy Departments and 
the Maritime Commission have estab- 
lished contract distribution divisions 
which are cooperating with OPM and 
working toward the same end through 
their own purchasing agencies. Ar- 
rangements are being made whereby the 
armed services, when so requested by 
OPM, may negotiate contracts instead 
of letting competitive bids, at prices up 
to 15 percent above current quotations. 
The services may also grant orders to 
a "responsible defense association or 
corporation" organized so that manu- 
facturers nmy jointly handle work that 
they could not do with their individual 
equipment. In certain cases, bid or per- 
formance bonds may be eliminated. Al- 
ready, the Army is dividing awards so 
that part of the work may go to other 
than the lowest bidder. 


ing mobilized also to assist small busi- 
nesses in their efforts to fit into the 
defense scheme. Mr. Odium feels that 
it is the responsibility of the financial 
community, public and private, to sec 
that a manufacturer who has a defense 
prime or sub-contract or whom the 

contracts, shall not fail in the attempt 
because of lack of money. To this end. 
a financial section has been established 
in Odium’s division to cooperate with 
commercial banks, the RFC. and Fed- 
eral Reserve Banks so that these con- 
tractors can be brought into touch with 
all available financing facilities. Even- 
request, however, will be discussed with 
the contractors' local banks first so that 
all financing possible will be handled in 
the manufacturer’s own community. 
Where requirements cannot be met 
locally, the financial section will en- 
deavor to satisfy the need through all 
other available sources. 

Through the formation of two ad- 
visory groups, the Small Business Coin- 

some oi the finest minds of the country 
in the fields of industrial, management 
and production engineering have been 
enlisted to assist in solving the twin 
problems of utilizing all available pro- 
duction facilities for defense and avert- 
ing the social catastrophe which would 


Pitfalls to Consider 

Here we have observed the details of 
a major operation in the conversion of 
the United States’ peacetime economy 
toward a wartime basis. There is a real 
danger here. It lies in the fact that 
independent small businesses formerly 
engaged in the manufacture and market- 
ing of complete articles are now faced 
with the prospect of conducting a single 
operation in a larger industrial process. 
They will act as feeders to big com- 
panies and the government, thereby- 
losing some of their independence and 
individuality. 

Much can be done to prevent a per- 
manent blackout of independent small 
business if government will keep con- 
stantly in mind that this is purely a 
temporary expedient for an immediate 
purpose — to help win a war — and 
through intensive educational efforts 
keep alive the idea of flexibility in our 
industrial community so that the in- 
evitable post-war readjustments will not 
give rise to feelings of despair and 
futility on the part of all those who then, 
will no longer be told what to do by the 
government. 

It is never too early to plan: like the 
case of the fashionable lady who con- 
sulted an eminent psychologist about 
helping her instill in her son the rudi- 
ments of discipline and good behavior. 
"How old is the boy?” he asked. 
"Three,” beamed the mother. "Madam, 
you are three years late.” said the 
psychologist. Tragedy already will have 
occurred unless, as a nation, we incor- 
porate in our defense efforts now the 
nuclei of ideas and plans which will 
facilitate an orderly return to peacetime 
pursuits. Possible alternatives are com- 
plete social and economic collapse or a 
highly centralized economy dangerously 
susceptible to the forms of fascist dic- 
tatorships against which we are striv- 
ing in the present. 

Groundwork must be laid now for 
eventually reversing the flow of raw 
materials back into consumer goods. 
Initiative and imagination of these small 
businessmen must be stimulated to meet 
the challenges of a difficult post-war 
period with ideas for new consumer 
goods and new services. Those who can 
return to their former activities on a 
similar scale should do so by all means. 
But the world and people change a lot 
in a few years. Inevitably, many who 
have dropped their profitable pursuits 
to put a shoulder to the wheel will 
deliberately have to seek out and find 
new uses for their energies and skills. 
If this can be done on a national scale, 
through the coordinated effort of all 
business and the government, the in- 
(Tum to page 194) 
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FASTER SERVICING FOR 

AMERICA'S GREATEST AIR LINE 


One of the highlights at New York’s airport is the 
servicing of American Airlines Flagships, the 
nation’s greatest air transport fleet. 

Faster servicing is now possible with the aid of 
the specially designed Sinclair Aircraft Oil Truck. 
Its motorized equipment can drain old oil from one 
Flagship engine while giving the other engine a fill 
of new oil. These operations can be performed by 
one man in about one-quarter of the time formerly 


taken by several men with old type facilities. 

The oil is Sinclair Pennsylvania upon which 
American Airlines Flagships have flown to the 
world’s record for safe air transportation — one 
billion passenger miles without a fatality. 

Sinclair aircraft lubricants are specially devel- 
oped to give safe lubrication. For further informa- 
tion, write Sinclair Refining Company, 630 Fifth 
Avenue, New York, N. Y. 
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deliveries. Before discussing lliest 
graphs, it is perhaps well to review the 
background and the methods used in 
preparing the curves and giving the 
forecast which they show. 

In my first article appearing in the 
June 1939 issue of Aviation, entitled 
‘‘America’s Answer,” I outlined the 
basic method of production analysis. 
Briefly stated, the method is to estab- 
lish parameters or yardsticks govern- 
ing output based on actual experience, 
and after altering these parameters as 
needed, because of changes in factors 
involved, and general judgment of the 
situation, to forecast what can be ex- 
pected in the future. Parameters were 
established involving output per unit 
of floor area and labor man-hours with 
the ob ject of determining capacity, 
using these factors primarily, but quali- 
fied by those more indefinite ones, 
such as the ability to supply tools, pro- 
cure management, train labor, and pro- 
vide materials, based on judgment of 
what the country as a whole could do. 

In April, 1940, you published mv 
article ‘‘Winged Victory.” In that arti- 
cle I brought up to date the forecast 
of the previous one, changed only be- 
cause of the introduction of new air- 
plane programs. I also made bold to 
apply the method to forecast the prob- 
able production for Germany and Eng- 
land and their Allies. The liasic facts on 
their past record came from observation 
and study in Europe on the occasion of 
several trips made to those countries 
from 1934 to 1938. In that article was 
forecast the possibility of victory for 

premised on a continuing superiority 
on the sea, a continuing advantage in 
recourse to world markets, the gradual 
attainment of air supremacy, and a 


continuing equality on the land. This 
latter premise has not maintained, and 
the war will be prolonged. However, I 
still feel that the supremacy in the air 
which is being gained hv the Allies, with 
our help, will bring them ultimate 
victory, possibly in 1943. 

In 'my July 1940 article, “50,0'JU 
Planes a Year" the parameters estab- 
lished in the earlier studies were ap- 
plied to a program of our own which 
the President had just announced. The 
article discussed a. suggested method 
of expansion which was first to place 
the load on the existing aircraft in- 
dustries such as the automobile. This 
course has, in general, been followed 
and I feel that to this we may attribute 
to a large extent the success that has 
been attained. 

Finally in the article of last January 
"The Truth About our National De- 
fense Program”, after outlining the 
fundamentals of defense in general, in- 
cluding both the psychological and ma- 
terial factors. I drew up a revised set 
of curves to furnish a forecast of what 
could be expected in the United States 
in yearly and monthly rate of produc- 
tion; in expansion of factory area and 
labor force; and finally the relative po- 
sition of the air forces of the world 
both as to rate of production and total 
strength. These curves are reproduced 
here with a point shown indicating our 
actual accomplishments. 

The problems of Government .n 
getting under way on this program were 
discussed; also the controlling impor- 
tance of air power in determining the 

much improvement in our defense setup 
in Washington since that time, al- 
though there are still a number of 
things which undoubtedly need to have 
further corrective measures applied. 

The question may well be asked, “It 
is true we have quite closely approxi- 
mated our forecast for U. S. produc- 
tion. but how reliable are the curves 


as regards England and Germany?” 
In the case of England, from numerous 
unofficial conversations I have had with 
Englishmen and with Americans return- 
ing from visits to England, I can say 
that the forecast for English productions 
appears good. Then, as the method 
used for the United States and Eng- 
land was the same as that used for 
Germany, is it not reasonable to sup- 
pose that the forecast for Germany also 
is close to the truth ? Study of all avail- 
able information on what is happening 
in Germany leads to the belief that 

What of our own air force? Our 
training program has progressed well. 
We would perhaps have liked to in- 
crease our own forces by greater num- 
bers of tactical units than has been 
found practicable to allot from the 
standpoint of giving aid to England 
and her Allies, who are performing 
with such great credit on our common 
front. All in all, the division of tactical 
units between those which are retained 

abroad has been a proper one. 

Our forces are getting some train- 
ing in tactical operations, they will get 
more as time goes on. We have given 
to England a very substantial and a 
very much appreciated supply of tac- 
tical airplanes which have served and 
are serving with great credit on the 
several battle areas in Europe anil 

There follow several comments which 
may be interesting. It is noteworthy 
that the rate of production increase for 
aircraft in tlic United States is greater 
Ilian for any other country in the world 
at any period. 

Next, I would like to re-cmphasisc 
tlic excellence of American equipment. 
It is. considered as a whole, unsttr - 
passed by any other country. 

Then let us see the situation regard- 
ing relative air strength of the two 
contending groups of powers. Surely 
the entrance of Russia into the war on 
the side of the Allies far more than 
offsets any effort which the conquered 
nations have been forced to contribute. 
Therefore, in appraising the curves 
showing the rate of production of the 
contending powers and the size of their 
air forces, I feel that it is conserva- 
tive to use the same critical dates that 
appear in the curve of the January 
article. I am therefore still of the 
opinion that, without counting Russia, 
the rate of production of England, 
augmented by one-half of the U. S. 
production, is now greater than the 
output of Germany and Italy plus the 
production of conquered countries; and 
that the total air power of the Allies 
will be greater than that of the Axis 
powers early in 1942. 

Our U. S. program has been added 
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The Curtiss AT-9 is the most recent of 
a line of trainers whose history began 
with the famous Curtiss JN-4 in the 
days of World War I. 


Designed to save thousands of precious hours 
of advanced training, the new Curtiss AT-9 pro- 
vides the United States Army Air Corps with a 
new and quicker step from single-engine trainers 
to speedy pursuit or multi-engine homhers. 

The new trainer simulates the flight and control 
characteristics of modern high-speed twin-engine 
military aircraft. Its design fortunately is such 
that it is ideally adapted to mass production, a 


vital factor in developing the equipment neces- 
sary for training the thousands of pilots needed 
for the nation’s defense. 

This Curtiss "Transition Trainer” is powered 
with two 280-liorsepower radial engines and has 
a top speed in excess of 200 miles an hour. It 
has two scats side by side with provision for 
two additional observers’ seats immediately back 
of the pilots. 
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Some of the goods carried by air 
transports are vegetables, fruit, fish, 
cotton, medicines, spare parts for factory 
machines. In the last three years the 
time of delivery of perishable merchan- 
dise has been cut by more than 50 

The Soviet Union is the only country 
that operates a regular airline serviced 
by lighter-than-air craft. Moscow is 
linked by a dirigible line with Sverd- 
lovsk, the important industrial metrop- 
olis of the Urals. For about four years 
the semi-rigid DP-9s have been in use 
there. Filled with non-inflammable 


helium (the USSR is the only country, 
aside from the U.S., that has its own 
deposits of this gas in adequate quan- 
tities), this type has a capacity of 25,- 
000 cubic meters. Its comfortable pas- 
senger gondola has sleeping accommo- 
dations for 16, a salon, buffet and 
smoking room. All captains and co- 
pilots of lighter-than-air ships are 
graduate engineers. A good many pilots, 
navigators and mechanics on these lines, 
as well as on regular airlines, are 
women. In Moscow there is a school for 
advanced training of both male and fe- 
male dirigible personnel. 

The Civil Air Fleet does not confine 
itself to transport work. Distinctly apart 
from the wartime medical service there 
is a so-called sanitary aviation. Planes 
take aid and medical personnel to re- 
mote, isolated spots of the country. If 
no landing fields are available, the physi- 


cians, nurses and surgical instruments 
come down to the patients by parachute. 
Sick persons from a distant outpost are 
often rushed by air to a medical center. 

In 1939 Soviet ambulance planes had 
flown 70,372 hours, brought doctors to 
11,372 patients, carried 2,840 sick people 
to hospitals. In the Russian Soviet 
Republic alone aviation rendered medi- 
cal aid to more than 40,000 persons that 

Sanitary aviation is employed to ex- 
terminate malaria-breeding mosquito 
spots. The splendid harvests of corn, 
cotton, sugar beet in recent years have 
been due in no small measure to the 
dusting and spraying of the fields by 

That dread scourge of agriculture, the 
locust, has its most formidable enemy 
in aviation. Breeding in the south of the 
country, particularly in the regions of 
the Amu-Darya and Syr-Darya and on 
the shores of the Aral Sea, the locust 
is now the quarry of intensive chemical 
war from the skies. In one hour an air- 
plane covers 150 hectares of farm land. 
In this way century-old breeding 
grounds of the Asiatic and Morocco 
locust were completely purged of this 
parasite. 

Similar techniques were enlisted to 
destroy pests that damaged the cotton 
crops in Central Asia, Azerbaidzhan. 
Ukraine, Northern Caucasus. Turk- 
menia, Kazakhstan and Uzbekistan. 

During the Second Five-Year Plan 
chemicals were sprayed by aircraft over 

488.000 hectares of land sown with cot- 
ton. In 1940 a cotton area of 80,000 
hectares was covered, in 1939 alone 

210.000 hectares of cotton fields had 
been cleared. By spraying or dropping 
poisoned bait, the pests are destroyed 
30 times faster than by hand. The re- 
cent years have seen the use of newly- 
developed airplane atomizer on the beet- 
root weevil. This pest was destroyed on 
territory of 96,000 hectares by last year. 

Aviation is used for forest fire patrol 
work. It helps to detect and prevent 
fires and also delivers firemen and their 
apparatus wherever required, sometimes 
letting them down by parachute. This 
department of the Civil Air Fleet has 
within its jurisdiction over 395,360,000 
acres of forest land. Here, too, harmful 
insects and animals are hunted from the 
air. Every year new forests are sown 
in the USSR from aircraft. 

Soviet fisheries also benefit from the 
work of the Civil Air Fleet. Fishermen 
are assisted during the shoaling season, 
with aircraft spotting fish and directing 
surface vessels to profitable locations. 

Also systematic is the part of the air- 
plane in Soviet science. Hundreds of 

craft. In the Soviet Arctic a thick 
network of air routes links the polar sta 
lions, transpolar ports and new indus- 
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H ave you looked at aircraft 
fabric specifications lately? 
There have been some changes 
made. One of the most remarkable 
has been the increase in the weight- 
strength ratio. Fabrics today are 
stronger, lighter in weight than ever 
before. 

Airwing Aircraft Fabrics are keep- 
ing pace with America’s fast moving 


aviation industry. We maintain rigid 
manufacturing controls throughout 
every step in the making of these 
fine cloths. Then the Thurston Lab- 
oratory tests . . . tests . . . tests— just 
to be on the safe side. 

Are you using Army and Navy 
Specification fabrics? Do you manu- 
facture light planes? Are you sub- 
contracting fabric-covered surfaces? 


You will wish to know all about 
Airwing products. 

Send for file-size folder containing 
swatches of actual Airwing Fabrics 



W. HARRIS THURSTON ☆ ☆ ☆ THURSTON CUTTING CORPORATION 

Main O/llce : 40 Worth Street, New York, N.Y.. U.S.A. Laboratory. Cutting Factory and Warehouse at 17 Beach Si.. New York. N. Y„ U.S.A. 
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Russian Aviation 

( Continued from page 184) 


trial cities with otic another and with 
the nation's centers outside the Far 
North. Perhaps the world's longest air- 
line is that between Moscow and 
Anadyr. Passengers and express leave 
Moscow regularly for the far-off cold 
Chukhotka. The planes fly east along 
the Arctic Ocean coastline. Machinery, 
foodstuffs, mail and workmen are car- 
ried by air to the Arctic, bringing furs 
and other local products on the return 

Military value of the Northern Sea 
Route is enormous. It is there that the 
Red Navy Northern Fleet makes its 
home. It is there that Soviet naval units 
have lately been sinking German sub- 
marines. Were it not for the continuous 
cooperation of Arctic airmen, the North- 
ern Sea Route’s shipping could not func- 
tion as effectively as it does. These 
fliers now carry on year-round recon- 
naissance and reporting of ice move- 
ments. In planes of wide range they 
scout over the Laptevykh, Kara, East- 
ern Siberian, Chukhotsk Seas and other 
waterways. They inform by radio the 
pilots of surface vessels regarding the 
condition of ice and help them choose 
the shortest and safest itineraries. This 
flying job is so complex, difficult and 
responsible that the very best of airmen 

Aviation may be credited with the 
opening up of new frontiers for industry, 
agriculture and civilization in general. 
Far East has been the beneficiary no 
less than Far North. New population 
centers are springing up and huge 
stretches of farm land added as each 
year witnesses the opening of many 
hundreds of miles of air routes. 

In the Pamirs, the Roof of the World, 
there is the Gorno-Badakhstan area 
which was formerly isolated from the 
rest of the world nine months of each 
year. During the three summer months 
the road to it led over craggy mountain 
ranges and turbulent streams. The in- 
habitants knew nothing of the existence 
of automobiles and other vehicles, but 
since 1929 they have been acquainted 
with airplanes and pilots. 

ground equipment. Radio beacons are 
functioning on all principal routes, in- 
cluding those in the Arctic. Airways 
used in night flying are lighted through- 
out, except in blackouts. Some of the 
largest airports have blind-landing in- 
stallations. 

Meteorological services are especially 
good because they are augmented by 
more than 50 weather observation sta- 


science as the "weather kitchen.” The 
Aerological Observatory is the head- 
quarters which coordinates all aero- 
nautical weather services. The surfac- 
ing of landing strips, maintenance of 
good emergency fields and other aids 
have led to the abandonment of the win- 
tertime practice of exchanging wheels 


The Soviet national budget still pro- 
vides generously for development of 
non-military aviation because it has 
more than amply justified itself in the 
war effort, tellingly proving the thesis 
that while the army, navy and air force 
protect the civilians of the nation against 
the invaders, this is one of the foremost 
factors in the civilian abetting of the 


They Wear the Pants 

( Continued from page 182) 


women on such simple operations as 
burring and filing of small parts. Fol- 
lowing this they soon proved their 
mettle on light drill press work per- 
forming drilling, spot facing and ream- 
ing operations. Here a.hcalthy competi- 
tive spirit developed. The women soon 
demonstrated that they were out to 
prove that they were no ersatz for the 
men. Foremen reported that the women 
coining on the job at the beginning of 
a shift would first check up to find out 
how many parts the male operators had 
turned out on the previous shift. Then 
they would dig in with a will and not 
relax until they had surpassed the best 
production record of the mere men. 

As one example of finger dexterity 
in this regard, a particularly difficult 
operation had developed into a minor 
bottleneck. A large number of small 
A in. steel pins had to be drilled with a 
nb in. hole. Best production any of the 
men operators could hit was about 650 
units per shift. The nimble fingered 
young lady who tackled this job turned 
out 825 units the first day on the job, 
and on her second day she topped the 
thousand mark and stayed above it for 
the balance of the job. 

Two of our women drill press opera- 
tors have now graduated to milling ma- 
chines and others are ready for ad- 
vancement to milling machine work as 
opportunities for advancement occur. 
These women have proved very satis- 
factory on milling operations and we 
expect to place other women on screw 
machines and other light equipment 
such as some of the turret lathes. 

While we have no thought of ever 
placing women on the heavier riveting 
work, their light touch has proved of 
advantage on a number of delicate riv- 
eting operations. They have also done 
well on the small riveting machines 
where semi-automatic riveting of small 
assemblies is performed. Welding is 
also a field for female talent. During 
the last World War women were widely 
used on welding work, where their fine 
sense of touch proved of advantage in 


forming good welds rapidly. This is 
again proving true and we already have 
two women welders at work, with a 
number in training. So far we have 
only used the women on gas welding 
of aluminum but they will probably 
find eiupluvnicm soon in electric weld- 
ing work, especially on the fittings, 
small sub-assemblies, and other bench 



ral dexterity and usually keen eyesight 
helps them to turn out inspection work 
on a production basis equal to the best 
male standards. They also find a place 
in the paint shop, especially in feeding 
parts to the power conveyors, turning 
them over between sprayings, etc. Some 
spray painting is being done by women, 
usually on small parts. They have 
learned this work with great rapidity. 

We have now carried our use of 
women right up into the final assembly 
line. Here they play an important part 
at many of the assembly stations where 
light parts are attached to the fuselage. 
This work is facilitated by our powered 
conveyor line and by the fact that the 
fuselage frames are carried in a posi- 
tion permitting an unobstructed floor 
and allowing all work to be done from 
a normal position. Even on the engine 
section assembly line the women are 
playing an important part. This line 
is carried on a mechanical conveyor 
while fuel and oil lines, ignition har- 
ness, controls, etc., are assembled to 
the engine and its detachable mount. 
Much of this important work is now 
being done by women. 

Six months of actual use of women 
in aircraft production work at Vultee 
has proved that the use of women in 
aircraft manufacturing work has pro- 
gressed far beyond the experimental 
stage. Their help throughout the air- 
craft factory is already making it pos- 
sible to speed our national defense pro- 
gram through the building of better 
airplanes in less time than could be 
done without them. 
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Recognized for many years as the standard 
in bench equipment, the "Hallowell" line 
incorporates all the features to meet to- 
day's requirements. 

Such advantages as permanently smooth 
tops of steel, laminated wood or Masonite 
. . . lasting rigidity without bolting to the 
floor . . . extra sturdy construction through- 
out . . . interchangeability for quick and 
comprehensive re-arrangement of benching 
— are available in each of the 1 ,367 styles 
and models in the "Hallowell" line. 

These prefabricated benches are THE an- 
swer to quick setup for sudden expansion 
demands . . . the answer to permanent re- 
quirements wherever there's work to be 
done. Details are yours free on request. 
Write— 

STiinDRRD pressed Steel Co. 


IOSTOO ■ DETROIT ■ inOIDDOPOLIS ■ CHK1CD ■ SI. LOUIS - SIR IRRREISCO 
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Transoceanic Flight 

( Continued from page 59) 


A third is a propeller design which de- 
pendably converts horsepower into 
thrust with high propulsive efficiency 
throughout a wide range of conditions 
and settings. Above all, there must he 
a harmonious marriage of these three 
elements into a highly productive whole 
— a task of sometimes baffling com- 

To achieve the first objective, design- 
ers of Pan American Clippers have 
consistently created laree aircraft of 
unprecedented structural efficiency, 
aspect ratio, wing loading, and aero- 
dynamic efficiency. Toward the second 
objective, the brilliant work of Ameri- 
can engine builders has met with un- 
ceasing success. The first engine used 
in transpacific flight had a specific fuel 
consumption of about .46, a then un- 
precedented figure, and its manufacturer 
made a substantial contribution to our 
operating technique. Each subsequent 
engine achieved new lows in fuel econ- 
omy (.44 and .42), until now the en- 
gines in the Clippers arc operating at 
about .40 specific fuel consumption. By 
the same token, propeller efficiency has 
progressed steadily upward to its pres- 
ent level of 87 percent, always with great 
mechanical reliability. Bear in mind 
that each one percent betterment in 
engine or propeller efficiency means 
approximately one more transocean pas- 
senger whose voyage, in these days, is 
often of real national significance. 

A point not to be overlooked is that 
the state of the art is constantly ad- 
vancing, therefore a transocean air- 
plane, with its engines and propellers, 
must frequently be modernized while 
in active service. The burden thus 
placed on the airline engineering staff 
is a heavy one, rewarded only by the 
resulting improvement in long-distance 
commercial performance. 

To develop a simple practical tech- 
nique for transocean cruising control 
for a specific aircraft is a substantial 
task. The objective is to prescribe the 
cruising condition for each altitude, 
gross weight, and headwind at which 
the ratio, '‘ground-miles made good per 
pound of fuel," will be a maximum. 
Phrasing it differently, the cumulative 
effect of L/D, specific fuel consump- 
tion, and propeller efficiency, must 
always lie a maximum, headwind con- 
sidered. The first task, therefore, is to 
calibrate the airplane, engines and pro- 
pellers with the greatest possible thor- 
oughness. In general, the airline en- 
gineer can count on securing complete 
data from manufacturers on: (1) the 


horsepower available from the engines 
for all conditions of R.P.M. and alti- 
tudes: and (2) the propulsive efficien- 
cies of the propellers under all practical 
operating conditions. To supplement 
these, the operator must himself run 
long tests on (3) fuel consumption char- 
acteristics and (4) horsepower required. 
Determining fuel consumption char- 
acteristics under different conditions of 
altitude, R.P.M. and manifold pressure 
is comparatively simple because there 
are but three main elements to be held 
constant. Horsepower-required tests 
are comparatively tedious, and unless 
accurate dynamometers are mounted in 
each power plant the results achieved 
may be considered at best only a close 
approximation. However, if done skill- 
fully and patiently, reliable polar curves 
can be developed, even without torque 
indicators, which can be used for per- 
formance computations at other gross 
weight and altitude conditions. 

Once in possession of such data, the 
engineer can prepare sets of readily 
usable tables or curves which prescribe 
optimum air speeds, R.P.M.s and mam- 

ratio of “ground-miles made good per 
pound of fuel” in tile face of any wind 
condition, temperature and altitude. 

Tn this connection, reference should 
be made to two important concepts. 
First, the airspeed indicator is vitally 
important, not only for test work hut 
because it is the simplest and most di- 
rect means whereby the pilot can achieve 
the prescribed cruising regime. Be- 
cause of its importance. Pan American 
frequently and routinely calibrates its 
airspeed systems. Second is the fact 
that maximum fuel economy is achieved 
at maximum allowable B.M.E.P. There- 
fore, so far as operating limits permit, 
the engines are cruised at full throttle 
and speed is controlled by altering en- 
gine R.P.M. 

Scientific management of an actual 
flight obviously starts with the weather 
man. Airline meteorologists, working 
closely with their colleagues of the va- 
rious governments concerned, are sta- 
tioned at New York, the Azores and 
Lisbon. Each office interprets as many 
daily maps as are available and in addi- 
tion prepares isobaric and wind charts 
for the 5,000 and 10,000 ft. levels, 
analyses radio-sonde reports, and con- 
structs pictorial representations of the 
vertical cross-section along the route. 

A trip forecast consists of a statement 
of weather conditions which the air- 
craft is expected to encounter along the 
route. The meteorologist divides the 

of approximately uniform wind condi- 
tions, — the end of each zone being desig- 
nated by the total distance in nautical 
miles from the point of departure. In 
each zone a forecast is made for each 


of the following elements: general 
weather — amount, type, base and top of 

middle clouds — altitude of freezing 
level — visibility — state of sea — wind di- 
rection and velocity at altitudes of 1,000, 
4,000, 8,000 and 12,000 ft.— and condi- 
tions expected at terminals and alter- 
nates. The forecast is concluded with 
a description of the isobaric configura- 
tion, location of fronts, expected 
weather conditions at fronts, and re- 
marks pertinent to the execution of the 
flight. Prior to departure, the captain 
is also furnished a weather map of the 
area, and a vertical cross-section along 
the track showing anticipated weather 
conditions. A sample forecast, weather 
map and cross-section are attached. 

Throughout every flight a meteorolo- 
gist is on duty at one or more of the 
meteorological offices, to follow the 
progress of the flight and furnish addi- 
tional information or advice as re- 
quired, — a prime function of the airline 
meteorologist. A routine duty is to fur- 
nish an amendment to the original 
forecast based on each later weather 
map. indicating the changes which have 
occurred. By means of coordinates of 
latitude and longitude, information is 
also radioed to the Clippers, enabling 
the captain to draw each new weather 
map for himself in flight. 

Before each flight the captain of the 
assigned crew, operation technicians 
and meteorologists prepare a so-called 
“flight time analysis,” a combination 
product of the data from the weather 
forecast and the cruising control curves 
developed for the Boeing 314-A type 

The winds for each zone at the 
standardized altitudes arc listed on the 
flight time analysis sheet under paren- 
thesis “B.” The columns headed by 
“A.S.” are optimum true airspeeds for 
varying gross weights and each alti- 
tude. The ground speeds (“G.S.” col- 
umns) are calculated on a specially 
developed navigational computer and 
the ‘‘zone transit” times are obtained by 
dividing the zones distances by the 
ground speeds. Addition of each “zone 
time" column will give the trip forecast 
time for mat particular altitude. 

The group of columns under paren- 
thesis “A" have to do only with 3-en- 
gine performance at 1,000 ft. altitude. 
The one thousand foot altitude was 
selected for all 3-engine productions 
liecause it is the optimum safe altitude 
for maximum range. The optimum true 
airspeed for 3-engine performance is 
assumed to be constant for each altitude, 
107 knots being the figure for 1,000 ft. 
“Ground speed returning” is calculated 
on the "computer" by using the same 
winds but reciprocal tracks. 

This completes the uppcrsection of our 
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CONSOIIOATED ENGINEERING CORPORATION of Posadeno, California, is 
non supplying the ariolion industry with vibration and strain measuring test 
equipment, including that formerly iiionufoctured by Sperry Gyroscope Company . 

RESEARCH — CONSOllDATEITs years of research in sound wove studies 
and vibration measurement in the held of geophysical exploration are of 
inestimable value in advancing these sciences in the aviation industry. 
IIEVEIOPMENT— CONSOIIIIATEH is carrying an the development ivorli pio- 
neered by Sperry and 41. I. T.. and has made important contributions of its 
own in this Held. Its trained engineers are fully qualified to solve your par- 
ticular vibration or strain measuring problems. 

INSTRUMENTS— C0NS0UUATEO is now accepting orders far future deliv- 
ery on: linear Vibration Pickups, Torsiometers, Strain Gauges, Amplifiers and 
Integrators, Multiple Carrier Systems, and Recording Oscillographs. 

COK SOU DAT E D EKIHERLH COR P. 

1255 East Green Street Pasadena, California 

Herbert Hoover. Jr., Pres. 




PESCO motor driven 


• In modern planes requiring as many as 5 auxiliary fuel pumps, 
a saving of several pounds per unit represents a substantial total. 
The new PESCO fuel transfer and stand-by pumps feature com- 
pact, high-speed motors with gear- reduction drive and actually 
weigh 3.8 to 5 pounds less than former models. The explosion- 
proof motors meet latest Air Corps specifications and are 
available for 12- or 24-volt systems. In addition to the models 
illustrated, other units can be supplied for special requirements. 

SPECIFICATIONS AND PERFORMANCE DATA ON PUMPS ILLUSTRATED 




PUMP ENGINEERING SERVICE CORPORATION 

DIVISION BORG WARNER CORPORATION * 12910 TAFT AVENUE ★ CLEVELAND, OHIO 




AMERIPOL* 

for the Aviation Industry 

T HIS new synthetic rubber 
has been adapted to aviation 
requirements by a special Miller 
formula. Its uses are many — 
V-type packings, accumulator 
diaphragms, piston cups, plung- 
er assemblies. In fact, it is an 
ideal sealing medium for all 
parts on the hydraulic system. 

Advantages of Ameripol*are 
— (1) will retain flexibility in 
temperatures down to -50° F.; 
(2) has exceptionally low oil 
absorption; (3) has very low 
friction; (4) parts made of 
Ameripol* can be produced to 
close tolerances; and (5) is re- 
sistant to heat, light, ozone and 

Miller engineers will gladly 
assist in theapplication of Ameri- 
pol* to your sealing problems. 
Write for new folder containing 
complete information on this 
modern material. 




MILLER RUBBER 


Engineers in Rubber 


have enough left to return to 
it of departure, with one engine in- 
operative, with a 30% plus 130 gallon 


E. A curve of predicted gasoline 
consumption versus time. 

The (lata for these curves are all 
computed and entered on the flight plan 
before departure, and plotted on the 
"Howgozit" chart immediately after 
takeoff. In Right the actual values of 
miles out and gallons consumed arc 
plotted on the chart every hour, result- 
ing in three curves similar to A, D and 
E but based on actual values deter- 
mined in flight by the best naviga- 

To eliminate confusion these actual 
curves arc made dotted lines. 

In the accompanvmg illustrations is 
shown a typical "Howgozit” curve, the 
use of which is illustrated as follows; 

At point (a) the aircraft is 500 
miles out, has burned 50 gallons less 
gasoline than predicted at this point 
due to wind, has insufficient gasoline 
to destination on 
lore than enough 
At point (b) the 
900 miles out, has sufficient 
i continue to destination or 
point of departure on three 
engines, and has burned 25 gallons more 
than predicted for this point due to 
winds and over-consumption. It is 
obvious at this point that the aircraft 


three engines, 
aircraft is 901 


plus 130 gallon i 


. which wil 


in wind or fuel consumption 

e “F” it appears that arriva 

will be ten minutes before the predictei 


At no point in the flight has there 
been a moment when a decision de- 
pending on fuel reserve could not be 
made instantly, taking into account all 
known variables. 

In summary, the problem of com- 
mercial long distance flight contains the 
same elements as any form of air trans- 
portation ; safety, regularity, and 
economy. The chief difference is that 
the "economy" factor is in a kind of 
neutral equilibrium whereby small 
percentage changes in operating ef- 
ficiency produce enormous changes in 
available payload. In this connection, 
and by way of looking toward the 
future, it should be understood that we 
seek to make maximum payload avail- 
able to the public on an annual basis, 
rather than on each separate voyage. 
Therefore, our goal is to have the same 
payload available day in and day out. 
If there were no headwinds and no 
tailwinds such would be the case, as- 
suming constant track and altitude. The 
winds cannot be exterminated, but their 
effect can be minimized — by high-speed 
aircraft. The airplane designer, ne- 
glecting practical considerations, may 
demonstrate that high speed is detri- 
mental to payload on some particular 
flight. If he places himself in the shoes 
of the Sales Department, however, he 
will quickly recognize that more tickets 
will he sold per year if twenty seats are 
available every day than if thirty seats 
are available one day and ten seats the 
next — and the public will be much bet- 
ter satisfied as well. Thus, as a con- 
clusion, we can say, “Exceedingly high 
long-range cruising speed, with result- 
ing schedule regularity and constancy 
of available payload, is an essential 
requisite of profitable transocean air- 
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VICTORY for the Democracies is being speeded by the 
VOLUME production of Ryan Trainers for the U. S. Army, U. S. 

and friendly foreign governments and their assignmi 
VOLUME operations where Ryan planes are playing an importar 
in training the world's finest pilots. 
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The men — and the shops — that have always believed it 
pays to standardize on STARRETT TOOLS are being 
repaid a hundredfold. They appreciate now that the extra 
accuracy and extra convenience of STARRETT TOOLS 
means more work and better work on any job and under 
any conditions. Write for Catalog No. 26 "V". 

THE L. S. STARRETT CO. 

World's Greatest Toolmakers 

Precision Tools . . . Dial Indicators . . . Ground Flat Slock 
Hacksaws . . . Mela/ Cutting Bandsaws . . . Steel Tapes 

ATHOL • MASSACHUSETTS • U. S. A. 

STARRETT TOOLS 


They Want to Help 

( Continued from page 178) 


dividuals will stand a much greater 
chance of successful readjustment. 

Meanwhile, the advice to small manu- 
facturers seeking defense work is this: 
go to the Contract Distribution Office 
nearest you with complete information 
as to your plant’s equipment*. They will 
do all they can to assist you in getting 
defense work either from the govern- 
ment, or as subcontractors, from exist- 
ing prime contractors. However, patient 
exploration on the part of each small 
businessman of all possible avenues of 
usefulness will go far toward lightening 
the excessive burden of government and 
improve his chances as an individual. 

Offices previously established are lo- 
cated in Federal Reserve Banks and 



Other previously established offices 
are located as follows: 



Four of the new field offices being 
opened by the Contract Distribution 
Division of OPM are ready lor business. 
These offices and their addresses are 



Exact addresses of other new offices 
will be announced as rapidly as possible. 
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• The BW process gives 
you big volume, high speed print pro* 

umc require at least three opt 


being expensive, trimming blueprints to size 



• Bruning BW prints are read 

black lines on white backgrounds— no fuzzy, 
hazy outlines to cause confusion and mistakes. 
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McGRAW-HILL BOOKS 
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^7 AIRCRAFT ENGINES 

SERVING THE AIRCRAFT INDUSTRY WITH BASIC MATERIALS 


jot Jot- 

ENGINE COOLING [DOLING CONTROL 



HYDRON EXTRUDED TUBING 

HYDRON lUETALLIC BELLOWS 

We manufacture HYDRON thin-wall 
extruded tubing for aircraft radiators, 
oil coolers, inter-coolers, and heat in- 
terchangers, for liquid-cooled and air- 
cooled motors. 

HYDRON thin-wall hydraulically- 

CLIFFORD MANUFACTURING CO. 

564 EAST FIRST STREET. BOSTON 

CHICAGO: 221 North LaSalle Stroot DETROIT: 6432 Cass Avonuo 

m H Y D 1 
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is strengthened by 
dependable 

BENDIX-SCINTILLA 


AIRCRAFT IGNITION 


Bcndix-Scincilla products have long held the confidence 
of the aircraft industry. And this confidence in Bendix- 
Scintilla aircraft magnetos, spark plugs, switches and 
radio shielding becomes an important part of a pilot's 
make-up. Expertness at the controls usually grows with 
increased confidence. 

As America goes ahead with its gigantic defense pro- 
gram, it looks confidently to the men who “keep 'em 
flying.” And every effort at Bendix-Scintilla will be bent 
toward proving to those men that they can look 
fidentiy to Bendix-Scintitla products. 

SCINTILLA MAGNETO DIVISION 

BENDIX AVIATION CORPORATION . SIDNEY, NEW YORK 






MACHINE SHOPS * FACTORIES « LARGE TOOL ROOMS 

SURFACE PLATE 



• Cast in a machinery grade of semi 
steel and finished with "professional 1 
skiU ,his lar 8 e surface plate is 


Made by an organization famous since 

tools, jigs, dies and fixtures. Write for 
Formerly made price of the surface plate, or further de- 
ed for sale. Especially adapted to provide and Die Company, 191 1 South Main St., 


MADE BY 

M ASTER TOOLMAKERS a plate of widest, most flexibile use. South Bend, Indiana. 


SOUTH BEND TOOL & DIE COMPANY 
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Down Boston way ever)' radio station is a beacon for the new 
Douglas fleet of Northeast Airlines. The pilots, like modern Paul 
Reveres, speed their courses over historic New England, guided, not 
by a flickering light from old North Church tower, but by the pre- 
cision indications of a Sperry Automatic Radio Direction Finder. 

This instrument provides the pilot with relative, magnetic and true 
bearings without the necessity for calculation. Once tuned to a station, 
the Sperry Automatic Radio Direction Finder operates continuously 
and automatically even under precipitation static conditions. It is espe- 
cially valuable for instrument approaches. 


SPERRY GYROSCOPE COMPAIY, I I l . 

BROOKLYN NEW YORK 
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FLEXIBLE CONNECTIONS, FLEXIBLE CONDUIT AND FITTINGS FOR THE AIRCRAFT INDUSTRY 


Shielding Conduit 

Army and Navy Specifications 
(Also synthetic covered) 

★ 

Shielding Conduit Fittings 
Fuel and Oil Line Hose 

(Avioflex) 

Synthetic covering, oil proofed with 
cellulose. (C. A. A. approved) 

Hydraulic Hose 

(Cellu-Lined) 

Burst pressure to 23,000 p. s. i. 
(C.A. A. approved) 

Aluminum Flexible Tubing 

Stainless Steel Bellows 
* 

Write for Data and 
Engineering Recommendations 
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Think of the 
MAINTENANCE 
JOB . . . 

Mass Production 
of Airplanes 
Means 

4 - 

We're building a whale of a lot of air- 
planes — demanding the biggest mainte- 
nance job ever tackled for the men who 
have to "Keep 'Em Flying" 



The men responsible for aircraft maintenance 
are hungry for information these days about 
better maintenance methods . . . about ad- 
vanced ideas . . . about actual practices em- 
ployed at the front. 

That’s why Aviation’s Annual Maintenance 
Number is so important this year. 

To make the December number the most 
practical maintenance reference ever published 
— covering all phases of today’s practices — 
Aviation’s large staff of editors* have person- 
ally visited the outstanding Air Corps depots, 
Naval air stations, airline bases and aircraft fac- 
tory service departments now in operation. 

Out of the timely important December issue, 
thousands of aviation men will get for the first 
time the published inside-story . . . the real 


working information ... of the most widely 
adaptable methods of maintenance-on-a-mass 
production basis in use throughout America and 
abroad. 

* * ★ + 

AVIATION'S EDITORS are analyzing their nation-wide 

lion men the first published inside-story of latest mainenance 
methods here and abroad. These include: 

. . . Army and Navy Maintenance of Combat Planes 
(including field service) 

. . . Training Plane Maintenance-both Military and Civil 
. . . Operation of Aircraft Manufacturer's Maintenance 
Departments 

. . . CPTP and Private Plane Maintenance 

. . . Maintenance of U. S. Equipment Abroad 

. . . Maintenance of Planes Under Combat Conditions 


Coming in December 


/RATION'S Annual Maintenance Number 



FOR DEFENSE! 


Consolidated Aircraft’s "Liberator,” the 
giant B-24 Bomber, in mass production 
for the R.A.F. and the U. S. Army Air 
Corps, is equipped with Wittek Type FB 


Leading aircraft i 


Wittek Type FB as the standard s 
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STEEL CORPORATION 

k * * HARRISBURG. PA. * * * 



Conservatively estimated TANNEWITZ DI-SAWS save 
an average of 70% of the time and cost involved in 
making inside and outside cuts on dies, shoes, templates 
and hundreds of other operations, including filing and 
polishing, to which these machines are ideally adaptable. 
In many instances they are turning out work in as little 
as ONE-TENTH of the former time required. 

To expedite production and cut costs, by all means 
investigate the tremendous possibilities these machines 
offer in tool and die making and other applications. 


The popularity of DI-SAWING 
it growing by leaps and bounds. 
Get the complete facts on the 
most highly developed DI-SAW 
on the market. Simply write for 
our DI-SAW Bulletin. 

Made by Sawing 
Machinery Specialists 
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ACTUS HOSE CLAMPS give you 
double-quick action in production. 
These hi-pressure stainless steel 
hose clamps are now used by 

United States Navy 
United States Coast Guard 
Canadian Government 
Consolidated Aircraft Corporation 
Warner Aircraft Corporation 
Jacobs Aircraft Engine Co. 

Cessna Aircraft Co.. Inc. 


ACTUS PRODUCTS CORPORATION • Mount Vernon, New York 


UNIVERSAL 


Steel REVOLVING BINS 



Save Space, Rent, Time, 
in Tool and Stock Rooms 

STRENGTH STABILITY 
CAPACITY EFFICIENCY 

No more digging around in 
cluttercd-up boxes or dark 
shelves.^ A flip of the finger 

and instantly available. Each 
section is mounted on easy ac- 
tion bail bearings, and revolves 
independently in either direc- 

ELIMINATE WASTED MOTIONSI 

up to 50 c / ( floor space. Write 
or telephone for the facts. 



UNIVERSAL 

DeLuxe UTILITY TABLES 


For Aviation Production and Service 
Proper equipment is essential for today’s stepped-up 
manufacturing and operating demands. 
UNIVERSAL UTILITY TABLES of Heavy Steel 
with Pressed Wood Top, provide the perfect work- 
ing surface for manufacturing, examining, assorting, 
shipping and countless other purposes. 

30 SIZES ... 3 HEIGHTS . . . FIVE YEAR GUARANTEE 
lull injormation on request. Ask for circular 139 


UNIVERSAL FIXTURE CORPORATION 

Immediate Deliveries 135 WEST 23rd STREET, NEW YORK, N. Y. Tel. Chelsea 1-1000 


AVIATION, November. 



As with all ACCO products, safety is an in-built feature. 
The load chain has a safety factor of 7 to 1. It is made 
of a special process steel which permits the chain to 
elongate (under overload) 3" to the foot before breaking. 
This same visual factor of safety is inherent in the bottom 
hook which will slowly open to indicate overload beyond 
the elastic limit of the chain. 


WRIGHT TROLLEYS are made to give the same last, 
economical, safe service as WRIGHT HOISTS. 




FAST STEPPIN' for Groundwork ... hut 
for More Speed in the Air . . . RELAYS! 

ir The fastest and best method of transmitting signals or 
impulses . . . RELAYS! But, for those who demand the 
best means of this best method . . . Relays by GUARDIAN! 

by GUARDIAN 

FOR DEFENSE CONTRACTS— Vibration-proof Relays (16.2 
"G’s” and better), light-weight Midget Relays (% oz. 150- 
watt contact capacity), Counter-balanced Relays, Solenoid 
Contactors and other Government Tested and Approved 
Relays available. Send for complete specifications. 

COMPLETE CONTROL DEVICES FOR 
MILITARY AND DEFENSE PURPOSES... 

Some applications are: band switching — instrument pro- 
tection — landing lights — motor starting — general radio 


val timing, etc. 


Send your problem to Guardian. 
Chances are 99 times out of a 
hundred we know the answer. 
It’s yours for the asking. 

FREE— Initial Your Letter- 
head for New 1941 Catalog 
“T”. Write 



GUARDIAN 

1614 Weil Walnut Street 


ELECTRIC 


AVIATION. November. 






N the drawing boards of America's top air- 
craft designing engineers — when plans are 
being drawn for fighters, trainers and bombers 
— parts made of AMPCO METAL are constantly 
being specified. 

For AMPCO METAL, that unusual alloy of the 
aluminum bronze class, has proved itself in over 
thirty-three different aircraft as desirable for 
service at points of great wear and impact — 
where "Metal Failure" must be o> 


You will find Ampco bronzes in propellers, en- 
gines, retractable landing gears, and important 
equipment. Practically every military and naval 
plane today has AMPCO METAL in a vital part 
of its construction. 

Ampco is available in six grades of hardness and 
physical properties — all outstanding in their re- 
sistance to wear, impact and failure. 

Write for "Ampco Metal in Aircraft." 

AMPCO METAL, INC. 



• In a recent "all out" power dive Curtiss' 
test pilot, Lloyd Child, saw the needle run 
off the chart — of course he uses an IRVIN 
CHUTE. 

Standard equipment for British Air Ministry 
and over 40 other government air forces. 


Used in most 
C.A.A. Schools 

Literature can be 
had by school 
executives for the 
asking. Address 
Main Office in Buf- 
falo, N. Y. 



IRVING AIR CHUTE CO., INC. 

1670 Jefferson Ave.. Buffalo, N. Y. 

rill. Knslnml ; Swollen anil other countries. 
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HELPING NATIONAL DEFENSE! 


LUSCOMBE SILUAIRES ARE IN DAILY USE 
TRAINING FUTURE R. A. F. PILOTS IN BERMUDA 


SILUAIRE 



For Further information on each avail- 
able model, performance, prices, etc., 
see your dealer or write Dept. A. 


WEST TRENTON, NEW JERSEY 





WHISTLER 

Adjustable Perforating Dies 

CAN BE CHANGED AT WILL 
WITHOUT ADDITIONAL DIE EXPENSE 


[ OPERATES LIKE ANY I 
SINGLE PURPOSE PIE | 














THE PROOF 



This 
proves 
that the 
instruction 
provided at 

W/ ROOSEVELT 
AVIATION 
SCHOOL meets all 
the requirements of 
the industry. 


WINTER CLASSES 
START JANUARY 5, 1942 


AVIATION TRAINING AT ITS BEST 

ROOSEVELT AVIATION SCHOOL 

at Roosevelt Field. Mineola, Long Island. N. Y. 

Without obligating me, send details ol course checked: 

□ COMMERCIAL PILOT □ COMBINATION FUGHT.MECHANIC 
Q PRIVATE PILOT □ MASTER AIRPLANE A ENGINE MECHANIC 








BA 30 



A NEW 

^<uel tank selector 

SWITCH 


IHE Shallcrou R (March Svafl 
SWITCH OF TOMORROW- 


•d cwilchec will not cxaclly cull lha Individual 


B*A*30 airplane wing cloth, famous for 
its uniformity, is lighter, stronger and more 
closely woven than other airfoil fabrics. 

WELLINGTON SEARS COMPANY 

65 WORTH STREET NEW YORK CITY 





What’s NEW in Flying? 


Find the answer every month in Aviation — 
the oldest American aeronautical publica- 
tion — the most up to date. 

New training methods — new flying prac- 
tices — new theories, money making sugges- 
tions — important maintenance and repair 
ideas for those who fly for pleasure or busi- 
ness, transport or airport operators, etc. — 


thoroughly covers every angle of flying — 
business and private — in complete under- 
standable articles fully illustrated with 
photos, charts and diagrams. 

If you are interested in flying, Aviation 
is as essential to you as fuel to the motor. 
Start reading it regularly today. 


Mail Coupon Now 


AVIATION 

330 W. 42d S*„ Now York Clfy 



. . No Money Needed 

Use the convenient coupon at left. 
No money needed now. We will 
** bill you. But don't miss another val- 
uable issue of AVIATION. Make 
sure you receive it each month by 
filling out and mailing us the coupon 
at once— NOW. 


AVIATION, November, 



Right Oil THE UNION 
AIR TERMINAL Itoutd! 


/ex‘nejf!rn 


CHARLES E. ROCHESTER. Vice-President 6 Managing Director 


LEXINGTON AVE. AT 48 T " ST., NEW YORK 


( Fourteen years' experience in producing 1 
heat-treated aluminum eastings I 

Heat-Treated 
ALUMINUM CASTINGS 
for Aircraft 

ALUMINUM PISTONS 



RAY DAY PISTON CORP. 


West Warren at Walton 
Detroit, Michigan 




vipSON 
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AUTOMATIC ELECTRIC RELAYS 



Does Your 
Product 
Require 
Accurate 
Machining 
? 



Govro-nelson 

COMPANY 

1931 Antoinette Detroit, Mich. 



CONTRIBUTE TO 

CURTISS-WRIGHT DEPENDABILITY 



AMERICAN AUTOMATIC ELECTRIC SALES COMPANY 
1033 W. Van Buren Strait. Chicago 

EHiaaHB^aHBaaaBi 

RELAY MAKERS SINCE 1898 


Closer Production Control 
means more planes 



COUNTING & COMPUTING 
DEVICES 


ai7 









WHERE TO BUY 



Do you know 
that . . . 


If we printed extr 
of our monthly is 
would be glad to 
with these reque 
unfortunately we 
way of knowing in 
just how many of o 
stand readers will 


But We Do Know — that 
each of these requests indi- 
cates a reader has “missed” 
just the issue he could make 

Insure your receiving 
Aviation regularly by 

filling in the coupon below, 
today . . . 



ill] 


rr 



Write 7c((aif for new 
Darnell Caster & Wheel 
Manual — It will show 
how to save money. 




IU 

The ALEXANDER 

Mi LB U HIM 

Company 



1414 W. Baltimore Street 





- CLASSIFIED ADVERTISING = ^ 

AVIATION'S MARKET PLACE 



AVIATION S MARKET PLACE 






AVIATION'S MARKET PLACE i 


AIRCRAFT 

TUBING 
RIVETS 
SPRUCE 
HARUWARE 
INSTRUMENTS 
& MATERIALS 
KARL ORT 


COMPLETE OVERHAUL SERVICE 

UNDER ONE ROOF 

Factory schooled mechanics to 

generator, control box and 
starter repairs. Magnuflux Sys- 
tem used exclusively. Complete : 
stock of new factory parts. All f 
work guaranteed. 

AIRLINE FACILITIES FOR THE PRIVATE PILOT. . . 
Service at Snyder’s is quicker... more complete because Snyder's maint: 

' " "of aircraft mecha 


SNYDER ^AIRCRAFT 




d Repair Station IBS 


INSTRUMENTS 


Seaboard Aircraft Sales 


HOWARD AIRCRAFT 


RARE MACHINE TOOL 






= AVIATION SCHOOLS 
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TO PRIMARY DEFENSE PLANTS AND IMPORTANT SUBCONTRACTORS: 


Nothing less than this Proven and Guaranteed 
fluorescent lighting system will do today 





SSol'ct 

Sr’S 

intifically calibrated 


Spencer Thermostat Co., n Forest St., Attleboro, Mass. 


FOUR NEW CIRCUIT BREAKERS 
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DOUGLAS SAVES WEIGHT 

_ mu 

Mmm OOWMET/IL 


Douglas DC-3 . „ 

neport in /light. 
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Eclipse Performance 
Standards 


T HE reason that Eclipse Aircraft 
Accessory Units are recognized 
throughout the industry for their 
quality, reliability and perform- 
ance, is that they are manufactured 
from the finest materials obtain- 
able, to the most exacting specifi- 
cations attainable. 

To maintain such standards, 
Eclipse Aviation has developed a 
production test department 
equipped with the most modern 
testing apparatus, supervised by 
specialized test engineers. Every 
assembled Eclipse unit is subjected 
to complete and searching per- 
formance tests conforming to 
rigid specifications of the Eclipse 
Engineering Department. 

The continued selection of 
Eclipse equipment by the various 
aircraft manufacturers and military 
services is ample justification of 
the statement that For Depend- 
able Operation It Pays To Fly 
Eclipse- Equipped. " 


ECLIPSE AVIATION 

DIVISION OF 

BENDIX AVIATION CORPORATION 

BENDIX, NEW JERSEY, U. S. A. 


Left: Typical AC- DC 
Generator for Battery 
Charging and Radio 
Power Supply 


Above: Generator 
Performance Test- 
Eclipse Production 
Test Department 


Rigid Test 
Procedures Maintain 


Eclipse Aircraft Accessory Equipment: En- 
gine Starters, Solenoid Switches, Booster Coils, 
Control Switches, Generators and Control 
Boxes, Radio Dynamotors, Supercharger Reg- 
ulators, Electric Retracting Motors, Propeller 
Anti-Icer Pumps, Mechanical De-Icer Equip- 
ment, Air Pumps, Air Valves, Oil Separators, 
Hydraulic Pumps, Ammunition Rounds Count- 
ers and Contactors, Synchroscope, Fuel Flow- 
meters, Seamless Flexible Metal Hose, Ordnance 
Equipment, Magnesium, Aluminum and 
Non-Ferrous Sand Castings. 


